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Introduction

This document is intended as a starting point for anyone who is going to develop applications using
pyGridWare.

The tutoria isdivided into 2 main areas:

» Getting Started: An introduction to key concepts related with GT4 and the Web Services Resource
Framework (WSRF)

* GT4 Python Core: A guide to programming basic Web Services which only use the Python WS Core
component of GT4.

Please note that the tutorial, at this point, only covers the Python WS Core component of the toolkit, an
important but small part of the whole toolkit. At the end of this tutorial you will know how to program
stateful Web services using GT4. Thiswill allow you to progress towards using the higher-level services
of thetoolkit (using official Globus documentation). However it isimportant to understand that you cannot
program Grid-based applications using only the Python WS Core component of the toolkit. This tutorial
should be approached as a stepping stone towards more powerful tooling, not as a definite guide on Grid
programming.

GT4 Prerequisite Documents

This tutorial has no GT4 prerequisite documents, since it is intended as a starting point for GT4
programmers. However, you should already be familiar with Grid Computing. A good, short introduction
to what Grid Computing is can be found in lan Foster's paper The Grid: A New Infrastructure for 21st
Century Science [http://www.aip.org/pt/vol-55/iss-2/p42.html]. A more extense, and very easy to read,
introduction can be found at the Grid Café [http://gridcafe.org/].

For amuch more detailed text, you might want to check out the following book: The Grid 2: Blueprint for
aNew Computing Infrastructure [http://www.mkp.com/grid2] (Edited by lan Foster and Carl K esselman.
2003). Most of the book is easy to read and not too technical. It is aso known as "The Grid Bible". With
aname like that, you can assume it's worth taking alook at it :-)

You might also be interested in taking a look at the 'Publications’ section in the Globus website [http://
www.globus.org], specially the documents listed below. However, these documents are rather technical
and might be too hard for a beginner. Y ou might want to just skim through them at first, and then reread
them once you're familiar with GT4.

e The Anatomy of the Grid: Enabling Scalable Virtual Organizations [http://www.globus.org/research/
papers/anatomy.pdf] . I. Foster, C. Kesselman, S. Tuecke.

e The Physiology of the Grid: An Open Grid Services Architecture for Distributed Systems Integration
[http://www.globus.org/research/papers/ogsa.pdf] . I. Foster, C. Kesselman, J. Nick, S. Tuecke.

Audience

This document is intended for programmers who are new to the Globus Toolkit 4 (GT4).

Assumptions

The following knowledge is assumed:
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e Programming in Python. If you don't know Python, you can find some useful links here.
» Basic knowledge of XML. If you have no idea of XML, you can find some useful links here.

* You should know your way around a UNIX system. Thistutorial ismainly UNIX-oriented, althoughin
the future we hope to include sections for Windows users.

» Basic knowledge of what the Grid and grid-based applications are. This tutorial is not intended as an
introduction to Grid Computing, but rather as an introduction to a toolkit which can enable you to
program grid-based applications.

The following knowledge is not required:

» Web Services. The tutoria includes an introduction to fundamental Web Services concepts needed to
use GT4.

» Globus Toolkit 2 or 3

Related Documents

» Specifications

¢ OASIS WSRF Page [http://www.0asis-open.org/committees/tc_home.php2wg_abbrev=wsrf]: The
most recent version of the WSRF specifications can be found here.

Globus WSRF Page [http://www.globus.org/wsrf/]: Contains pointers to papers and presentations
related to WSRF.

» Official Globus Documentation

e GT4 Fact Sheet [http://www-unix.globus.org/toolkit/GT4Facts]: Everything there is to know about
GT4.

» Official GT4.0 Documentation [http://www.globus.org/toolkit/docs/4.0/]: Includes the installation
guide.

» Other related documents

e lan  Foster's  Globus  Toolkit  Primer  [http://www.globus.org/toolkit/docs/4.0/key/
GT4_Primer_0.6.pdf] provides a detailed look at the toolkit and all the components included in it.

Document Conventions

Code

The following conventions will be observed throughout this document:

cl ass Hel | oWorl d:
def _ call__(self, *args, **kw):

0

# Code in bold is inportant
print "Hello World"
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Hel | oVr 1 d() ()

“ Thisisacalout, further explaining an important part of the code.

Inlined code

Whenever we refer to bits of code from the main text, it will be highlighted | i ke t hi s. For example:

TheHel | oWor | d classhasa__cal | __ method that printsouta” Hel | o Wor | d"
string.

Shell commands

pyt hon Hel | oWor | d. py
If acommand istoo long to fit in asingle line, it will be wrapped into several lines using the backslash

("\") character. On most UNIX shells (including BASH) you should be able to copy and paste all the lines
at once into your console.

pyt hon \

Hel | oWor I d. py \
argl \

arg2

Notes
Y ou can find three types of notes in the text: complementary information, reminders, and warnings.
Tip
Thisis acomplementary information block.

This kind of note contains interesting information that complements what is currently being
discussed in the text.

Note

Thisisareminder.

Thiskind of notes are usually used after a block of code to remind you of where you can find the
file that contains that particular code. It is also used to remind you of important concepts, and to
suggest what sections of the tutorial you should read again if you have a hard time understanding
a particular section.

Caution
Thisisawarning.

Warnings are used to emphatically point out something. They generally refer to common pitfalls
or to things that you should take into account when writing your own code.




Introduction

About the author & acknowledgments

The Python WSRF Programmer's Tutorial was adapted by Joshua Boverhof [http://dsd.Ibl.gov/
~boverhof/] from Borja Sotomayor's [http://people.cs.uchicago.edu/~borja/] GT4 Toolkit Java WS-Core
Programmer's Tutorial.

Acknowledgments

The following people have, in one way or another, helped with the GT4 Tutorial:

Borja Sotomayor's [http://people.cs.uchicago.edu/~borjal]
Lisa Childers

Rebeca Cortazar [ http://paginaspersonal es.deusto.es/cortazar/]
lan Foster [http://www-fp.mcs.anl.gov/~foster/]

Leon Kuntz (in memoriam)

Jesus Marco

All the Globus gurus who have reviewed the tutorial on countless occasions

readers help to improve the tutorial by reporting bugs and typos, as well as making very constructive
comments and suggestions:

If you've reported abug, typo, or helped out in any way, and you are not listed here, please do let me know!



http://dsd.lbl.gov/~boverhof/
http://dsd.lbl.gov/~boverhof/
http://dsd.lbl.gov/~boverhof/
http://people.cs.uchicago.edu/~borja/
http://people.cs.uchicago.edu/~borja/
http://people.cs.uchicago.edu/~borja/
http://people.cs.uchicago.edu/~borja/
http://paginaspersonales.deusto.es/cortazar/
http://paginaspersonales.deusto.es/cortazar/
http://www-fp.mcs.anl.gov/~foster/
http://www-fp.mcs.anl.gov/~foster/

Part |. Getting Started




Table of Contents

T =Y 00 001 o £ PSPPI 3
OGSA, WSREF, 8N0 GT4 ...eiiiiiiiii ettt ettt e e et e e eabe e eeees 3

A short introduction t0 WED SEIVICES ........iiiiiiieecei e 7

A Typical Web Service INVOCEIION ........cieeuiieiiiiiie ettt 8

WED Services ArChItECIUIE ........ciiii e 9

WED SErViCeS AQUIESSING .....ceeerteeieii ettt et e e et e et e e e e e eeens 10

How does this Work in PraCtiCe? ...........viiiiiiiiiiii e 11

The server SIde, UP ClOSE ....uiiii e e e 13

WSRF: The Web Services Resource Framework ...........c..oiiiiiiiiiiiiiii e 14
WSRF: 'S @l 8DOUL SEAEE ... e 14

The resource approach to StAtEfUINESS ........coovviiiiiii e 16

The WSRF SPECITICALION .....cevvuiiiiii e 19

Related SPECITICALIONS .......eieiiii et 20

The GIoBUS TOOIKIT 4 ... e e e e e aeees 20

F N (o 0] (o (1= P 20

GT4 COMPONENES ...ttt ettt e e e e et et et e e e e et e e e ae e eaaeee 21

Where to learn Python & XML ....oeoiiiii e e 21

A 1= | = 1 o o I PP 22




Chapter 1. Key Concepts

There are certain key concepts that must be well understood before being able to program with GT4. This
chapter gives abrief overview of all those fundamental concepts.

* OGSA, WSRF, and GT4: Well take alook at what these oft-mentioned acronyms mean, and how
they are related.

* Web Services: OGSA, WSRF, and GT4 are based on standard Web Services technologies such as
SOAP and WSDL. You don't need to be a Web Services expert to program with GT4, but you should
be familiar with the Web Services architecture and languages. We provide abasic introduction and give
you pointers to interesting sites about Web Services.

» The Web Services Resour ce Framewor k: WSREF is the core of GT4. We take alook at what a Web
Service Resource (or WS-Resource) is, and how it isrelated to Web Services.

» The GT4 Architecture: After seeing both WS-Resources and Web Services, we take a look at the
whole GT4 architecture, and how WSRF fitsinit.

» Java& XML: Findly, if youwant to use GT4, you need to be ableto program in Java, and to understand
basic XML. If you're new to Javaand XML, we provide a couple links that can help you get started.

OGSA, WSRF, and GT4

If you've started looking at GT4, you've probably encountered at least these two acronyms: OGSA and
WSREF. But... what do they mean? How are they related to the Globus Toolkit 4? This section attempts
to clarify these important concepts. First of all, let's start by taking alook at OGSA and WSRF without
seeing just yet how they arerelated to GT4.

Figure 1.1. Relationship between OGSA, WSRF, and Web Services

\ ,{ WSRF
/

requires 5peflﬂe5
| —
Stateful ™\

\yflf: SEWICEE,,,’

OGSA

- e

extands

e

(‘u.l.';"eh Senri::es)
‘\.._H_ -

———

OGSA

A grid application will usually consist of severa different components. For example, a typical grid
application could have:

* VO Management Service: To manage what nodes and users are part of each Virtual Organization.
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» Resource Discovery and Management Service: So applications on the grid can discover resources
that suit their needs, and then manage them.

» Job Management Service: So users can submit tasks (in the form of "jobs") to the Grid.

» And awhole other bunch of services like security, data management, etc.

Note

If you have absolutely no idea of what | have just said (and feel dightly confused), remember
that the tutorial assumes that you know what Grid Computing is. If you don't, please read the
Prerequisites documents section to get up to speed.

Furthermore, all these services areinteracting constantly. For example, the Job Management Service might
consult the Resource Discovery Serviceto find computational resourcesthat match the job's requirements.
With so many services, and so many interactions between them, there exists the potential for chaos. What
if every vendor out there decided to implement a Job Management Service in acompletely different way,
exposing not only different functionality but also different interfaces? It would be very difficult (or nearly
impossible) to get all the different software pieces to work together.

The solution is standardization: define a common interface for each type of service. For example, take
alook at the World Wide Web. One of the reasons why the Web is such a popular Internet application
is because it is based on standards (HTML, HTTP, etc.) agreed upon by al the different major players
(Microsoft, Netscape, etc.). Imagine, on the other hand, that you could only use a Microsoft browser
to access websites implemented with Microsoft technology (ditto for Netscape, Opera, etc.) It would be
definitely uncool. Thanksto standards, | can use my favorite browser (provided it follows standards, which
most modern browsers do) to access most of the websites out there (regardless of what technology is used
toimplement the website). Why? Because a set of common languages was agreed upon for all the browsers
and websites out there. Standardization is definitely a good thing.

The Open Grid Services Architecture (OGSA), developed by The Global Grid Forum [http://
www.ggf.org], aims to define a common, standard, and open architecture for grid-based applications.
The goal of OGSA isto standardize practically all the services one commonly findsin agrid application
(job management services, resource management services, security services, etc.) by specifying a set of
standard interfaces for these services. At the time of writing thistutorial, this"set of standard interfaces' is
gtill intheworks. However, OGSA already definesaset of requirementsthat must be met by these standard
interfaces. In other words, OGSA has aready gone as far as identifying the most important services one
encountersin Grid applications, and which most stand to benefit from standardization.

OGSA requires 'stateful services'

However, when the powers-that-be undertook the task of creating this new architecture, they realized they
needed to choose some sort of distributed middleware on which to base the architecture. In other words,
if OGSA (for example) defines that the JobSubmissionlnterface has a submitJob method, there has to
be a common and standard way to invoke that method if we want the architecture to be adopted as an
industry-wide standard. This base for the architecture could, in theory, be any distributed middlieware
(CORBA, RMI, or even traditiona RPC). For reasons that will be explained further on, Web Services
were chosen as the underlying technology.

However, although the Web Services Architecture was certainly the best option, it still didn't meet one of
OGSA's most important requirements: the underlying middleware had to be stateful (don't worry if you
don't know what a "stateful” serviceis, it is explained in the next section). Unfortunately, although Web
services can in theory be either stateless or stateful, they are usually statel ess and there is no standard way
of making them stateful. So, clearly, something had to be done!
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WSRF

Enter the Web Services Resource Framework, a specification developed by OASIS [http://www.oasis-
open.org]. WSRF specifies how we can make our Web Services stateful, along with adding alot of other
cool features. It isimportant to note that WSRF isajoint effort by the Grid and Web Services communities,
so it fits pretty nicely inside the whole Web Services Architecture (in the diagram: WSRF extends Web
Services).

So what exactly is the relation between OGSA and WSRF? It's very simple: WSRF provides the stateful
servicesthat OGSA needs. Inthe diagram: W SRF specifies stateful services (as opposed to those services

simply 'being required’ by OGSA). Another way of expressing this relation is that, while OGSA is the
architecture, WSRF is the infrastructure on which that architecture is built on.

How does this relate to GT47?

Now that we've cleared up what OGSA and WSRF are, we are ready to complete the above diagram to
see how GT4 fitsinto the picture:

Figure 1.2. Relationship between OGSA, GT4, WSRF, and Web Services
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The Globus Toolkit 4

The Globus Toolkit is a software toolkit, developed by The Globus Alliance [http://www.globus.org],
which we can use to program grid-based applications. The toolkit, first and foremost, includes quite a
few high-level services that we can use to build Grid applications. These services, in fact, meet most
of the abstract requirements set forth in OGSA. In other words, the Globus Toolkit includes a resource
monitoring and discovery service, a job submission infrastructure, a security infrastructure, and data
management services (to name a few!). Since the working groups at GGF are still working on defining
standard interfaces for these types of services, we can't say (at this point) that GT4 is an implementation
of OGSA (athough GT4 does implement some security specifications defined by GGF). However, itisa
realization of the OGSA requirements and a sort of de facto standard for the Grid community while GGF
works on standardizing all the different services.

Most of these services are implemented on top of WSRF (the toolkit also includes some services that
are not implemented on top of WSRF and are called the non-WS components). The Globus Toolkit 4, in
fact, includes a complete implementation of the WSRF specification. This part of the toolkit (the WSRF
implementation) is a very important part of the toolkit since nearly everything else is built on top of it.
However, it'sworth noting that it'salso avery small part of thetoolkit. At this point, we'll repeat something
we said at the very beginning of the tutorial:

At the end of this tutorial you will know how to program stateful Web Services using
GT4. This will alow you to progress towards using the higher-level services of the
toolkit. However it is important to understand that you cannot program Grid-based
applications using only the Java WS Core included in this tutorial. This tutorial should
be approached as a stepping stone towards more powerful tooling, not asadefinite guide
on GT4 programming.

I'm sorry to insist so much on this, but this really is a very important concept. Never forget that, on the
long road towards true Grid Nirvana, WSRF isindeed a necessary step, but only the first step.

Finally, take into account that GT4 isn't the only WSRF implementation out there. For example, another
complete implementation of the WSRF specification is WSRF.NET [http://www.cs.virginia.edu/~gsw2c/
wsrf.net.htmi].

The mandatory layered diagram

If there's something we computer geeks like in documentation, it'slayered diagrams! So, thissectionreally
wouldn't be complete without a diagram that explains the relationship between OGSA, WSRF, and GT4
using the wonderful language of layers.
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Figure 1.3. Layered diagram of OGSA, GT4, WSRF, and Web Services
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A short introduction to Web Services

Before we take a closer look at what the Web Services Resource Framework (WSRF) is, we need to have
a basic understanding of how Web Services work (so we can better appreciate how WSRF extends Web
Services). If you're already familiar with Web Services, you can safely skip this section.

For quite a while now, there has been a lot of buzz about "Web Services," and many companies have
begun to rely on them for their enterprise applications. So, what exactly are Web Services? To put it quite
simply, they are yet another distributed computing technology (like CORBA, RMI, EJB, etc.). They allow
usto create client/server applications.

For example, let's suppose | keep a database with up-to-date information about weather in the United
States, and | want to distribute that information to anyone in the world. To do so, | could publish the
weather information through a Web Service that, given a ZIP code, will provide the weather information
for that ZIP code.

Caution

Don't mistake thiswith publishing something on awebsite. Information on awebsite (like the one
you're reading right now) isintended for humans. Information which is available through a Web
Servicewill always be accessed by software, never directly by ahuman (despite thefact that there
might be a human using that software). Even though Web Servicesrely heavily on existing Web
technologies (such asHTTP, aswe will seein amoment), they have no relation to web browsers
and HTML. Repeat after me; websites for humans, Web Services for software :-)

The clients (programs that want to access the weather information) would then contact the Web Service
(in the server), and send a service request asking for the weather information. The server would return
the forecast through a service response. Of course, thisis a very sketchy example of how a Web Service
works. We'll see all the details in a moment.
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Figure 1.4. Web Services
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Some of you might be thinking: "Hey! Wait a moment! | can do that with RMI, CORBA, EJBs, and
countless other technologies!" So, what makes Web Services special? Well, Web Services have certain
advantages over other technologies:

» Web Services are platform-independent and language-independent, since they use standard XML
languages. Thismeansthat my client program can be programmed in C++ and running under Windows,
while the Web Serviceis programmed in Java and running under Linux.

* Most Web Services use HTTP for transmitting messages (such as the service reguest and response).
Thisisamajor advantage if you want to build an Internet-scale application, since most of the Internet's
proxies and firewalls won't mess with HTTP traffic (unlike CORBA, which usualy has trouble with
firewalls).

Of course, Web Services also have some disadvantages:

» Overhead. Transmitting all your datain XML is obviously not as efficient as using a proprietary binary
code. What you win in portability, you lose in efficiency. Even so, this overhead is usually acceptable
for most applications, but you will probably never find a critical real-time application that uses Web
Services.

» Lack of versatility. Currently, Web Services are not very versatile, since they only alow for some very
basic formsof serviceinvocation. CORBA, for example, offers programmersalot of supporting services
(such as persistency, notifications, lifecycle management, transactions, etc.). Fortunately, there are a
lot of emerging Web services specifications (including WSRF) that are helping to make Web services
more and more versetile.

However, there is one important characteristic that distinguishes Web Services. While technol ogies such
as CORBA and EJB are geared towards highly coupled distributed systems, where the client and the server
are very dependent on each other, Web Services are more adequate for loosely coupled systems, where
the client might have no prior knowledge of the Web Service until it actually invokes it. Highly coupled
systemsareideal for intranet applications, but perform poorly on an I nternet scale. Web Services, however,
are better suited to meet the demands of an Internet-wide application, such as grid-oriented applications.

A Typical Web Service Invocation

So how doesthis al actually work? Let's take alook at al the stepsinvolved in a complete Web Service
invocation. For now, don't worry about all the acronyms (SOAP, WSDL, ...). Well explain them in detall
in just a moment.
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Figure 1.5. A typical Web Service invocation
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1. Aswe said before, a client may have no knowledge of what Web Service it is going to invoke. So, our
first step will be to discover a Web Service that meets our requirements. For example, we might be
interested in locating a public Web Service which can give me the weather forecast in US cities. Well
do this by contacting adiscovery service (which isitself a\Web service).

2. Thediscovery service will reply, telling us what servers can provide us the service we require.

3. We now know the location of a Web Service, but we have no idea of how to actually invoke it.
Sure, we know it can give me the forecast for a US city, but how do we perform the actual service
invocation? The method | have to invoke might be called "stri ng get Ci t yFor ecast (i nt
Ci t yPost al Code) ", but it could also be caled "string getUSCityWather(string
cityName, bool isFarenheit)". Wehaveto ask the Web Service to describe itself (i.e. tell
us how exactly we should invoke it)

4. The Web Servicerepliesin alanguage called WSDL.
5. Wefinally know where the Web Serviceislocated and how to invokeit. Theinvocationitself isdonein
alanguage called SOAP. Therefore, we will first send a SOAP request asking for the weather forecast

of acertain city.

6. The Web Service will kindly reply with a SOAP response which includes the forecast we asked for, or
maybe an error message if our SOAP request was incorrect.

Web Services Architecture

So, what exactly are SOAP and WSDL? They're essential parts of the Web Services Architecture:
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Figure 1.6. The Web Services ar chitecture
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Service Processes. This part of the architecture generally involves more than one Web service. For
example, discovery belongs in this part of the architecture, since it allows us to locate one particular
service from among a collection of Web services.

Service Description: One of the most interesting features of Web Services is that they are self-
describing. Thismeansthat, once you'velocated aWeb Service, you can ask it to 'describeitself' and tell
you what operations it supports and how to invoke it. Thisis handled by the Web Services Description
Language (WSDL).

Service Invocation: Invoking aWeb Service (and, in general, any kind of distributed service such asa
CORBA object or an Enterprise Java Bean) involves passing messages between the client and the server.
SOAP (Simple Object Access Protocol) specifies how we should format requeststo the server, and how
the server should format its responses. In theory, we could use other serviceinvocation languages (such
as XML-RPC, or even some ad hoc XML language). However, SOAP isby far the most popular choice
for Web Services.

Transport: Finally, al these messages must be transmitted somehow between the server and the client.
The protocol of choicefor thispart of the architectureisHTTP (HyperText Transfer Protocol), the same
protocol used to access conventional web pages on the Internet. Again, in theory we could be able to
use other protocols, but HTTP is currently the most used one.

In case you're wondering, most of the Web Services Architecture is specified and standardized by the
World Wide Web Consortium [ http://www.w3c.org/], the same organi zation responsiblefor XML, HTML,
CSS, etc.

Web Services Addressing

We havejust seen asimple Web Serviceinvocation. At onepoint, adiscovery service 'told' theclient where
the Web Service is located. But... how exactly are Web services addressed? The answer is very smple:
just like web pages. We use plain and simple URIs (Uniform Resource I dentifiers). If you're more familiar
with theterm URL (Uniform Resource Locator), don't worry: URI and URL are practically the sasmething.

For example, the discovery registry might have replied with the following URI:

http://webservi ces. mysite.com weat her/ us/ Wat her Servi ce

This could easily be the address of a web page. However, remember that Web Services are always used
by software (never directly by humans). If you typed a Web Service URI into your web browser, you
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would probably get an error message or some unintelligible code (some web servers will show you anice
graphical interface to the Web Service, but that isn't very common). When you have a Web Service URI,
you will usually need to give that URI to aprogram. In fact, most of the client programs we will write will
expect to receive aWeb service URI as a command-line argument.

Tip

If you're anxious to see area Web service working, then today's your lucky day! A "Weather
Web Service" is probably one of the most typical examples of a simple web service. You can
find areal Weather Web Service here:

http://live.capescience.com/ccx/Global Weather

Wait a second... You didn't actually try to visit that URI, did you? Haven't you been paying
attention? That'saWeb service URI, so even though it may look and feel like the URIs you type
inyour browser when you want to visit your favorite website, this URI is meant only for software
that "knows" how to invoke Web services.

Fortunately, the authors of that web service have been kind enough to provide
a description [http://www.capescience.com/webservices/globalweather/index.shtml] of the
Web service, adong with a web interface [http://live.capescience.com/Global\Weather]
so you can actudly invoke the services methods. If you fee specialy
curious, you can even take a look a the Web services WSDL [http://
live.capescience.com/wsdl/GlobalWeather.wsdl] (also available in a dlightly more readable
version [http:/iwww.w3.0rg/2000/06/webdata/xsl t2xsl fil e=http://www.capescience.com/
simplifiedwsdl.xslt& xmlfile=http://live.capescience.com/wsdl/

Globa Weather.wsdl & transform=Submit])

For example, if you visit the web interface [http://live.capescience.com/Global Weather] you'll
see that the Weather Web service offers a get Weat her Report operation that expects a
single string parameter (an IATA airport designation, e.g. ORD for Chicago O'Hare and LHR
for London Heathrow). If you invoke get WWeat her Repor t , the Web service will return a
Weat her Report structure with all sorts of interesting weather data. Fun!

How does this work in practice?

OK, now that you have an idea of what Web Services are, you are probably anxious to start programming
Web Services right away. Before you do that, you might want to know how Web Services-based
applications are structured. If you've ever used CORBA or RMI, this structure will 1ook pretty familiar.

First of al, you should know that despite having a lot of protocols and languages floating around, Web
Services programmers usually only have to concentrate on writing code in their favorite programming
language and, in some cases, in writing WSDL. SOAP code, on the other hand, is always generated and
interpreted automatically for us. Once we've reached a point where our client application needs to invoke
a Web Service, we delegate that task on a piece of software called a stub. The good news is that there
are plenty of tools available that will generate stubs automatically for us, usually based on the WSDL
description of the Web Service.

11
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Figure 1.7. Client and server stubsare generated from the WSDL file

Client Stubs
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' Server Stubs

Server-side code that interprets SOAP requests sent
by the client and generates SOAP responses

Using stubs simplifies our applications considerably. We don't have to write a complex client program
that dynamically generates SOAP requests and interprets SOAP responses (and similarly for the server
side of our application). We can simply concentrate on writing the client and/or server code, and leave all
the dirty work to the stubs (which, again, we don't even have to write ourselves... they can be generated
automatically from the WSDL description of aweb service).

The stubs are generally generated only once. In other words, you shouldn't interpret the "Typical Web
Service Invocation” figure (above) as saying that we go through the discovery process every single time
we want to invoke a Web service, and generate the client stubs every time we want to invoke the service.
In general, we only go through the discovery step once, then generate the stubs once (based on the WSDL
of the service we've discovered) and then reuse the stubs as many times as we want (unless the maintainers
of the Web service decide to change the service's interface and, thus, its WSDL description). Of course,
there are more complex invocation scenarios, but for now the one we've described is more than enough
to understand how Web services work.

A Typical Web Service Invocation (redux)

So, let's suppose that we've already located the Web Service we want to use (either because we consulted
adiscovery service, or because the Web service URI was given to us), and we've generated the client stubs
fromthe WSDL description. What exactly happens when we want to invoke a\Web service operation from
aprogram?

Figure 1.8. A typical Web Serviceinvocation (more detailed)

Client (1) @ Server

M'f g g Web Service
Program % ¢ | Implementation

®

1. Whenever the client application needs to invoke the Web Service, it will really call the client stub.
The client stub will turn this 'local invocation' into a proper SOAP request. This is often called the
marshaling or serializing process.

2. The SOAP request is sent over a network using the HTTP protocol. The server receives the SOAP
requests and handsiit to the server stub. The server stub will convert the SOAP reguest into something
the service implementation can understand (thisis usually called unmarshaling or deserializing)

3. Once the SOAP request has been deseriaized, the server stub invokes the service implementation,
which then carries out the work it has been asked to do.

12
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4. The result of the requested operation is handed to the server stub, which will turn it into a SOAP
response.

5. The SOAPresponseissent over anetwork using the HTTP protocol. The client stub receivesthe SOAP
response and turnsit into something the client application can understand.

6. Finally the application receives the result of the Web Service invocation and usesiit.

The server side, up close

Finally, let's take a close look at what the server looks like, specially what software we should expect to
have to get Web services up and running on our server.

Figure 1.9. The server sidein a Web Services application

HTTP (Web) Server
Application Server

SOAP Engine

Web
Service

Web
Service

Web
Service

* Web service: First and foremost, we have our Web service. Aswe have seen, thisis basically a piece of
software that exposes a set of operations. For example, if we areimplementing our Web servicein Java,
our service will be a Java class (and the operations will be implemented as Java methods). Obviously,
wewant aset of clientsto be ableto invoke those operations. However, our Web service implementation
knows nothing about how to interpret SOAP requests and how to create SOAP responses. That's why
weneed a..

» SOAP engine: Thisis apiece of software that knows how to handle SOAP requests and responses. In
practice, itismore common to use ageneric SOAP enginethan to actually generate server stubsfor each
individual Web service (note, however, that we still need client stubs for the client). One good example
of aSOAP engineis Apache Axis[http://ws.apache.org/axis/] (thisis, infact, the SOAP engine used by
the Globus Toolkit). However, the functionality of the SOAP engineis usually limited to manipulating
SOAP. To actually function asaserver that can receive requests from different clients, the SOAP engine
usualy runswithin an...

» Application server: Thisis apiece of software that provides a'living space' for applications that must
be accessed by different clients. The SOAP engine runs as an application inside the application server. A
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good example is the Jakarta Tomcat [http://jakarta.apache.org/tomcat/] server, a Java Servlet and Java
ServerPages container that is frequently used with Apache Axis and the Globus Toolkit.

Many application serversalready include some HT TP functionality, so we can have Web servicesup and
running by installing a SOAP engine and an application server. However, when an application server
lacks HTTP functionality, we also need an...

e HTTP Server: Thisis more commonly called a'Web server'. It is a piece of software that knows how
to handle HTTP messages. A good example isthe Apache HTTP Server [http://httpd.apache.org/], one
of the most popular web serversin the Internet.

Note

Terminology in thisareais still abit inconsistent, so you might encounter different terms for the
concepts we've just seen. In particular, it's very common to use the term Web services container
as acatch-all term for the SOAP engine + application server + HTTP server.

WSRF: The Web Services Resource Framework

As we have just seen, Web Services are the technology of choice for Internet-based applications with
loosely coupled clients and servers. That makes them the natural choice for building the next generation of
grid-based applications. However, remember Web Services do have certain limitations. In fact, plain Web
Services (ascurrently specified by the W3C) wouldn't be very helpful for building agrid application. Enter
W SRF, whichimproves several aspects of web servicesto make them more adequate for grid applications.

In this section we'll take a brief look at the different parts of the WSRF specification. However, before
doing that, we need to take a close look at the main improvement in WSRF: stateful ness.

WSRF: It's all about state

Plain Web services are usualy stateless (even though, in theory, there is nothing in the Web Services
Architecture that says they can't be stateful). This means that the Web service can't "remember"
information, or keep state, from one invocation to another. For example, imagine we want to program a
very simple Web service which simply acts as an integer accumulator. This accumulator is initialized to
zero, and we want to be able to add (accumulate) valuesin it. Suppose we have an add operation which
receivesthe valueto add and returnsthe current value of the accumulator. Asshowninthefollowing figure,
our first invocation of this operation might seem to work (we request that 5 be added, and we receive 5
in return). However, since a Web service is statel ess, the following invocations have no idea of what was
donein the previousinvocations. So, in the second call to add we get back 6, instead of 11 (which would
be the expected value if the Web service was able to keep state).
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Figure 1.10. A stateless Web Service invocation
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The fact that Web services don't keep state information is not necessarily a bad thing. There are plenty
of applications which have no need whatsoever for statefulness. For example, the Weather Web service

we saw in the previous section is areal, working Web service which has no need to know what happened
in the previous invocations.

However, Grid applications do generally require statefulness. So, we would ideally like our Web service
to somehow keep state information:
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Figure 1.11. A stateful Web Service invocation
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However, thisis a pretty peculiar dilemmasince, as mentioned above, aWeb service is usually a stateless
entity. In fact, some people might argue that a "stateful Web service" is abit of a contradiction in terms!
So, how do we get out of thisjam?

The resource approach to statefulness

Giving Web services the ability to keep state information while still keeping them statel ess seems like a
complex problem. Fortunately, it's a problem with a very simple solution: simply keep the Web service
and the state information compl etely separate.

Instead of putting the state in the Web service (thus making it stateful, which is generally regarded as a
bad thing) we will keep it in a separate entity called aresource, which will store al the state information.
Each resource will have a unique key, so whenever we want a stateful interaction with a Web service we
simply have to instruct the Web service to use a particular resource.

For example, take the accumulator example. As shown in the next figure, our Web service could have
three different resources (A, B, C) to choose from. If we want the integer value to be ‘remembered’ from
invocation to invocation, the client simply has to specify that he wants a method invoked with a certain
resource.
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Figure 1.12. Theresource approach to statefulness
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In the figure we can see that the client wants the add operation invoked with resource C. When the Web
servicereceivestheadd request, it will make sureto retrieve resource C so that add isactually performed
on that resource. The resource themselves can be stored in memory, on secondary storage, or even in a
database. Also, notice how a Web service can have access to more than one resource.

Of course, resources can comein all different shapes and sizes. A resource can keep multiple values (not
just asimple integer value, as shown in the previous figure). For example, our resources could represent

files:
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Figure 1.13. A Web Servicewith several resour ces. Each resource representsafile.
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Y ou might be wondering: And how exactly does the client specify what resource must be used? A URI
might be enough to address the Web service, but how do we specify the resource on top of that? There are
actually several different ways of doing this. Aswelll see later on, the preferred way of doing it isto use
arelatively new specification called WS-Addressing which provides a more versatile way of addressing
Web Services (when compared to plain URISs).

Finally, a bit of terminology before we continue. A pairing of a Web service with a resource is called
a WS-Resource. The address of a particular WS-Resource is called an endpoint reference (thisis WS-
Addressing lingo).
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Figure 1.14. WS-Resour ce
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The WSRF specification

The Web Services Resources Framework is a collection of five different specifications. Of course, they
all relate (in some way or another) to the management of WS-Resources.

WS-ResourceProperties

A resource is composed of zero or more resour ce properties. For example, in the figure shown above each
resource has three resource properties: Filename, Size, and Descriptors. WS-ResourceProperties specifies
how resource properties are defined and accessed. As we'll see later on when we start programming, the
resource properties are defined in the Web service's WSDL interface description.

WS-ResourceLifetime

Resources have non-trivial lifecycles. In other words, they're not a static entity that is created when our
server starts and destroyed when our server stops. Resources can be created and destroyed at any time.
The WS-ResourceL ifetime supplies some basic mechanisms to manage the lifecycle of our resources.

WS-ServiceGroup

We will often be interested in managing groups of Web Services or groups of WS-Resources, and
performing operations such as ‘add new service to group', 'remove this service from group', and (more
importantly) 'find a service in the group that meets condition FOOBAR'. The WS-ServiceGroup specifies
how exactly we should go about grouping services or WS-Resources together. Although the functionality
provided by this specification isvery basic, it is nonetheless the base of more powerful discovery services
(such as GT4's IndexService) which allow usto group different services together and access them through
asingle point of entry (the service group).
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WS-BaseFaults

Finally, this specification aims to provide a standard way of reporting faults when something goes wrong
during a WS-Service invocation.

Related specifications

WS-Notification

WS-Natification isanother collection of specificationsthat, although not a part of WSRF, isclosely related
to it. This specification alows a Web service to be configured as a notification producer, and certain
clientsto be notification consumers (or subscribers). Thismeansthat if achange occursinthe Web service
(or, more specifically, in one of the WS-Resources), that change is notified to all the subscribers (not all
changes are notified, only the ones the Web services programmer wants to).

WS-Addressing

As mentioned before, the WS-Addressing specification provides us amechanism to address Web services
which is much more versatile than plain URIs. In particular, we can use WS-Addressing to address a Web
service + resource pair (a WS-Resource).

The Globus Toolkit 4

So, WSRF sure seems pretty cool and exciting, huh? However, if you've aready programmed Grid-based
applications, you're probably thinking that thisisall very nice, but hardly enough for The Grid. Remember
that WSRF is only asmall (but important!) part of the whole GT4 Architecture: it is the infrastructure on
top of which most of the toolkit is built. Besides the WSRF implementation, the toolkit includes a lot of
components which we can use to program Grid applications.

Architecture

The Globus Toolkit 4 is composed of several software components. As shown in the following figure,
these components are divided into five categories: Security, Data Management, Execution Management,
Information Services, and the Common Runtime. Notice how, despite the fact that GT4 focuses on Web
services, the toolkit also includes components which are not implemented on top of Web services. For
example, the GridFTP component uses a non-WS protocol which started as an ad hoc Globus protocol,
but later became a GGF specification.

Figure 1.15. GT4 architecture

As mentioned in the preface, the tutorial currently focuses only on the Java WS Core component. Once
again, it isimportant to realize that the Globus Toolkit includes alot of other components which can help
us build Grid systems. Even so, the Java WS Core component is specially interesting becauseit is the base
for most of the WS components. Note that we do not need to have in-depth knowledge about Java WS
Core to use many GT4 components like GRAM, MDS, etc. However, if we want to build a Grid system
that integrates all of these components with our own services, we will need to know about Java WS Core
to actually "glue" al those services together and to program our own services.
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Key Concepts

GT4 Components

Let's take a quick look at what we can find in each of the five families of GT4 component. For more
detailed descriptions, please refer to the official Globus documentation or to the Globus Primer (you can
find alink in the preface)

Common Runtime

The Common Runtime components provide a set of fundamental libraries and tools which are needed to
build both WS and non-WS services.

Security

Using the Security components, based on the Grid Security Infrastructure (GSl), we can make sure that
our communications are secure.

Data management

These components will allow us to manage large sets of datain our virtual organization.

Information services

The Information Services, more commonly referred to as the Monitoring and Discovery Services (MDS),
includes a set of components to discover and monitor resources in a virtual organization. Note that GT4
also includes anon-WS version of MDS (MDS2) for legacy purposes. This component is deprecated and
will surely disappear in future releases of the toolkit.

Execution management

Execution Management components deal with the initiation, monitoring, management, scheduling and
coordination of executable programs, usually caled jobs, in a Grid.

Where to learn Python & XML

After seeing all the theory behind GT4, we're almost ready to start programming. However, you need to
know Python to follow this tutorial.

* The Python HomePage [http://www.python.org]

Also, you need to be familiar with XML. Y ou don't have to be an XML wizard, but should at least be able
to read and interpret the different elements of an XML document. If you've never worked with XML, you
should probably take alook at the following sites:

» W3Schools XML Tutoria [http://www.w3schools.com/xml/] : Tutorial that covers both the basics and
the more advanced aspects of XML.

» ZVON.org[http://www.zvon.org/] : Tonsof XML resources. Includes somevery good reference guides.

21


http://www.python.org
http://www.python.org
http://www.w3schools.com/xml/
http://www.w3schools.com/xml/
http://www.zvon.org/
http://www.zvon.org/

Chapter 2. Installation

Required Dependencies:

Python >= 2.4 [http://www.python.org]

pyXML >= 0.8.4 [http://pyxml.sourceforge.net/]

4Suite-XML >= 1.0.2 [http://www.4suite.org]

ZSl >=2.1.dev_r1367 [http://sourceforge.net/projects/pywebsvcs)
Twisted >= 2.4.0 [http://www.twistedmatrix.com/products/downl oad]
* TwistedCore >=2.4.0

* TwistedWeb >=0.6.0

Zope Interfaces 3.0.1 [http://zope.org/Products/Zopel nterface]

Optional Security Dependencies

HTTPS Transport Security M2Crypto >= 0.17 [http://sandbox.rulemaker.net/ngps/m2/]

Caution
Please see the README for information on installing

GSI Message Security pyGsi >= 0.2 [http://dsd.Ibl.gov/gtg/projects/pyGridWare/pyGsi.html]

Caution

Please see the README for information on installing

Download:

pyGridWare [http://dev.globus.org/wiki/PyGridWare]

Installation:

* Please See INSTALL for directions
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Chapter 3. Writing a NON-WSRF
Stateful Web Service

MathService

In this chapter we are going to write and deploy a simple stateful web service. This service does not use
WSRF to keep stateinformation, we'll explorethat inthe next chapter. Our first web serviceisan extremely
simple calculator, which we'll refer to as MathService. It will provide the following operations:

» Add an integer value to the stored value

 Subtract an integer value from the stored value

 Retrieve current stored (integer) value

MathService'sinterna logic isvery simple. When it, a new resource, is created, its stored integer valueis
initialized to zero. The addition and subtraction operations modify this stored value.

Finally, thisfirst example will be limited to having only one instance, or resource. In the next chapter we
will see how we can write a WSRF service that has several resources associated with it, as seen in 77?2,

High-tech stuff, huh? Don't worry if this seems a bit lackluster. Since this is going to be our first stateful

web service, it's better to start with asmall didactic service which we'll gradually improve by adding more
complex resource properties, notifications, etc.

The Four Steps

Writing and deploying a WSRF Web Serviceis easier than you might think. Y ou just have to follow five
simple steps.

1. Definethe service'sinterface. Thisis done with WSDL.

2. Create a New WSRF Site. Thisis done with wsdl2web script.

3. Implement the service functionality. Thisis done with Python.

4. Deploy the service. Thisis done with Python.

In this first example we're going to go through each step in great detail, explaining what each step
accomplishes, and giving detailed instructions on how to perform each step. The rest of the examplesin
the tutorial will also follow these four steps, but won't repeat the whole explanation of what each step is.

So, if you ever find that you don't understand a particular step, you can always come back to this chapter
("Writing Your First Stateful Web Servicein 4 Simple Steps”) to review the details of that step.

Step 1: Defining the interface in WSDL

The first step in writing any web service is to define the service interface. We need to specify what our
service is going to provide to the outer world. At this point we're not concerned with the inner workings
of that service (what algorithms it uses, other systems it interacts with, etc.). We just need to know what
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operations will be available to our users. In Web Services lingo, the service interface is usually called the
port type (usually written portType, to match the XML element name).

Aswe saw in ????, there is a special XML language which can be used to specify what operations a web
service offers. the Web Service Description Language (WSDL). So, what we need to do in this step is
write a description of our MathService using WSDL.

WSDL can be automatically generated from other interface languages, or source code. But at this
time, these methods still tend to be buggy and generate overly complex WSDL files. In addition, for a
dynamically typed language like Python, it is difficult to generate WSDL from the class definitions. For
these and didactic purposes, we will start by generating the WSDL directly.

The goal of this page is not to give a detailed explanation of how to write a WSDL file, but rather to
present the WSDL filefor this particular example. If you have no ideawhatsoever of how to write WSDL,
now is a good time to take alook at 7???. Come on, go take a look at the appendix. We'll be waiting for
you right here.

The WSDL code

Ok, so supposing you either know WSDL or have visited the WSDL appendix, take a good thorough
look at this WSDL code. Download SimpleMath.wsdl [http://dsd.Ibl.gov/gtg/projects/pyGridWare/doc/
downloads/v1.4.0/simple/SimpleMath.wsdl]

<?xm version="1.0" encodi ng="UTF-8"?>
<definitions name="Mat hService"

t ar get Namespace="ht t p: / / ww. gl obus. or g/ namespaces/ exanpl es/ cor e/
Mat hSer vi ce_i nst ance"
xm ns="http://schemas. xm soap. org/ wsdl /"

xm ns:tns="http://ww. gl obus. or g/ nanespaces/ exanpl es/ cor e/
Mat hSer vi ce_i nst ance"
xm ns:wsdl ="http://schemas. xm soap. org/ wsdl /"

xm ns: wsrp="http://docs. oasi s-open. or g/ wsrf/ 2004/ 06/ wsr f - W5-
Resour ceProperties-1.2-draft-01. xsd"
xm ns: soap="http://schemas. xm soap. or g/ wsdl / soap/"
xm ns: xsd="htt p://ww. w3. or g/ 2001/ XM_Schema" >

<types>

<xsd: schema

t ar get Namespace="ht t p: / / ww. gl obus. or g/ namespaces/ exanpl es/ cor e/
Mat hSer vi ce_i nst ance"

xm ns:tns="http://ww. gl obus. or g/ nanespaces/ exanpl es/ cor e/
Mat hSer vi ce_i nst ance"
xm ns: wsa="http://schemas. xm soap. or g/ ws/ 2004/ 03/ addr essi ng"
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xm ns: xsd="http://ww. w3. or g/ 2001/ XM_Schema" >

<l-- | MPORT WS- ADDRESSI NG - - >
<xsd: i nport
nanespace="http://schemas. xm soap. or g/ ws/ 2004/ 03/ addr essi ng"

schemaLocati on="http://schemas. xm soap. or g/ ws/ 2004/ 03/ addr essi ng"/ >

<I'-- REQUESTS AND RESPONSES - ->

<xsd: el ement nane="add" type="xsd:int"/>
<xsd: el ement nane="addResponse" >
<xsd: conpl exType/ >

</ xsd: e

| enent >

<xsd: el ement nanme="subtract" type="xsd:int"/>
<xsd: el ement nanme="subtract Response" >
<xsd: conpl exType/ >

</ xsd: e

| enent >

<xsd: el ement nane="get Val ueRP" >
<xsd: conpl exType/ >

</ xsd: e
<xsd: el

| emrent >
ement name="get Val ueRPResponse” type="xsd:int"/>

<I'-- UNCOMMENT FCR CHAPTER 4 FACTORY METHOD

<xsd: el ement nane="create">
<xsd: conpl exType/ >
</ xsd: el enment >
<xsd: el ement name="cr eat eResponse" >
<xsd: conpl exType>
<xsd: sequence>
<xsd: el ement ref="wsa: Endpoi nt Ref erence"/ >
</ xsd: sequence>
</ xsd: conpl exType>
</ xsd: el enment >
UNCOMMENT FOR CHAPTER 4 FACTORY METHQOD - ->
<!-- UNCOMMENT FOR CHAPTER 4 FACTORY METHOD RESOURCE
PROPERTI ES
<xsd: el ement nanme="Val ue" type="xsd:int"/>
<xsd: el ement nane="Last Op" type="xsd:string"/>
<xsd: el ement nanme="Mat hResour ceProperties">
<xsd: conpl exType>
<xsd: sequence>
<xsd: el ement ref="tns: Val ue"/>
<xsd: el ement ref="tns:LastQp"/>
</ xsd: sequence>
</ xsd: conpl exType>
</ xsd: el enment >
UNCOMMENT FOR CHAPTER 4 FACTORY METHOD RESOURCE PROPERTIES -->
</ xsd: schenma>
</types>
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s ————————————————r— > ]
<nmessage nane="Addl nput Message" >
<part name="paraneters" el enent="tns:add"/>
</ message>
<nmessage nanme="AddQut put Message" >
<part name="paraneters"” el ement="tns: addResponse"/ >
</ message>
<nmessage name="Subtract| nput Message" >
<part name="paraneters" el ement="tns:subtract"/>
</ message>
<nmessage name="Subt r act Qut put Message" >
<part name="paraneters" el enent="tns:subtract Response"/>
</ message>
<nmessage name="Cet Val ueRPI nput Message" >
<part name="paraneters" el enent="tns: getVal ueRP"/>
</ message>
<nmessage name="Cet Val ueRPQut put Message"” >
<part name="paraneters” el enment="tns: get Val ueRPResponse"/ >
</ message>
<!I'-- UNCOWENT FOR CHAPTER 4 FACTCRY METHCD
<nmessage name="Creat el nput Message" >
<part name="paraneters" el enment="tns:create"/>
</ message>
<nmessage name="Creat eCut put Message" >
<part name="paraneters" el ement="tns:creat eResponse"/>
</ message>
UNCOWMENT FOR CHAPTER 4 FACTORY METHOD - ->
<! - - ——/—/——/————————ft"/—/fT/—/'/—/'"/—/'"//'/—/'//ft/ftft————_—__————m_m=srs
PORTTYPE
e —————————————————r— > ]

<port Type nane="MNMat hPort Type"

>

<!-- REMOVE PREVI QUS > & UNCOWWENT FOR CHAPTER 4 FACTCRY METHCD
wsr p: Resour ceProperti es="tns: Mat hResour ceProperti es">

UNCOWMENT FOR CHAPTER 4 FACTORY METHOD - ->

<oper ation name="add" >

<i nput nessage="tns: Addl nput Message"/ >
<out put message="tns: AddCut put Message"/ >
</ oper ati on>
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<operation name="subtract">

<i nput nessage="tns: Subtract | nput Message"/ >
<out put message="tns: Subtract Qut put Message"/ >
</ oper ati on>

<oper ati on name="get Val ueRP" >

<i nput nessage="t ns: Get Val ueRPI nput Message"/ >
<out put message="tns: Get Val ueRPQut put Message"/ >
</ oper ati on>

<!I'-- UNCOWENT FOR CHAPTER 4 FACTCRY METHCD
<oper ati on name="cr eat eResource" >
<i nput nessage="tns: Creat el nput Message”/ >
<out put message="tns: Cr eat eQut put Message”/ >
</ oper ati on>
UNCOWMENT FOR CHAPTER 4 FACTORY METHOD - ->

</ port Type>

<bi ndi ng nanme="Mat hBi ndi ng" type="Mat hPort Type" >
<soap: bi ndi ng styl e="docunent"
transport="http://schemas. xnl soap. or g/ soap/ http"/ >

<wsdl : operati on nanme="add" >
<soap: operation soapAction=""/>
<wsdl : i nput >
<soap: body use="literal"/>
</ wsdl : i nput >
<wsdl : out put >
<soap: body use="literal"/>
</ wsdl : out put >
</ wsdl : oper ati on>

<wsdl : operati on name="subtract">
<soap: operation soapAction=""/>
<wsdl : i nput >
<soap: body use="literal"/>
</ wsdl : i nput >
<wsdl : out put >
<soap: body use="literal"/>
</ wsdl : out put >
</ wsdl : oper ati on>

<wsdl : operati on name="get Val ueRP" >
<soap: operation soapAction=""/>
<wsdl : i nput >
<soap: body use="literal"/>
</ wsdl : i nput >
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<wsdl : out put >
<soap: body use="literal"/>
</ wsdl : out put >
</ wsdl : oper ati on>

<!-- UNCOWENT FOR CHAPTER 4 FACTORY METHOD
<wsdl : operati on name="cr eat eResource" >
<soap: operation soapAction=""/>
<wsdl : i nput >
<soap: body use="literal"/>
</ wsdl : i nput >
<wsdl : out put >
<soap: body use="literal"/>
</ wsdl : out put >
</ wsdl : oper ati on>
UNCOMMENT FOR CHAPTER 4 FACTORY METHQOD - ->
</ bi ndi ng>

<servi ce nane="Mat hService">
<port name="Mat hPort" bi ndi ng="Mat hBi ndi ng" >
<soap: address | ocation="http://| ocal host: 8080/ wsrf/services/"/>
</ port >
</ service>

</definitions>
If you know WSDL, you'll recognize this as a pretty straightforward WSDL file which defines three
operations: add, subtract, and get Val ueRP (along with all the necessary messages and types).

By the way, the "RP" in get Val ueRP stands for "Resource Property" because, in a Web Services
terminology, the integer value is a property of the MathService resource.

Step 2: Create a New WSREF Site

Now that we have defined the service'sinterface, we need to generate the Python skeleton of that interface.
This skeleton will need to know what its own name is and what types of messages to accept, in this sense
binding the abstract interface to a particular runnable instance. In order to do this, you will need to run the
Python wsdl 2web script, which will set up anew site.

wsdl2web

The WSDL presented above available at SimpleMath.wsdl [http://dsd.Ibl.gov/gtg/projects/pyGridWare/
doc/downloads/v1.4.0/simple/SimpleM ath.wsdl]

Create the new Site.

Y% nmkdir /tnp/ SinpleMvathSite; cd /tnp/ SinpleMathSite
% wsdl 2web --script=client.py SinpleMath.wsdl
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pyGidWare/utility/generate/ Utility. py:47:
User War ni ng: port Type(Mat hPort Type) does not have a ResourceProperties

decl arati on “

Thiswarningisinforming usthat thereisno WSRP ResoureProperties declaration, thiswill befurther
elaborated on.

After the script has finished there will be several new files:

% 1s

rReaDVE @

Si npl eMat h. wsdl €3
client.py (3]

gener at ed 'ﬂ

tw sted 'E

“ descriptions of site'sfiles

ﬂ Original SimpleMath WSDL file

E} Barebones sample client script

.ﬂ Directory with all code generated from the WSDL

.E twisted plugins directory, contains plugins for severa twistd commands (wsrf, wsrf-sdl, wsrf-gsi)

The generated service stub contained in this file gener at ed/ Si npl eMat h/ servi ces/
Si npl eMat h/ Mat hSer vi ce. py contains SOAP binding information and is used to marshall data
between XML and python types. It doesn't add or subtract integers.

Step 3: Implement the service

After generating the site, we need to actually provide the implementation of the service's advertised
functionality. Recall that in the example WSDL we defined one service, called MathService. The
generation step created a service skeleton stub named Mat hSer vi ceWSRF Now we will create a new
class that subclasses this generated service skeleton stub and overrides all the methods prefixed with the
special 4-character sequence "wsa . One of these methods should be present for each "operation™ defined
in the WSDL file. Put another way, these methods represent the WSDL operations of the service. For
example, "wsa_add" represents the service's "add" operation.

To understand the code you can see in these methods, we must first understand something about Web
Service request and response objects.

e request: When a "wsa "-prefixed method of the generated service skeleton stub is invoked (e.g.
Mat hSer vi ceWBRF. wsa_add() ), it creates a new request instance and returns it. This request
represents the XML message that was passed in the ps parameter ("ps' stands for "parsed SOAP", i.e.
a parsed web services message). This Python object will have an attribute called t ypecode whichis
used to seridizeit back into XML.
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 response: When a "wsa "-prefixed method of the generated service skeleton stub returns, it creates a
new response instance. This object also containsa t ypecode attribute, which is used to serialize
itinto XML.

Theimportant thing to get out of the aboveisthat both requests and responses are objects with the attribute
"typecode". They could be subclasses of integers or strings or floating-point numbers that just have an
extra "typecode" attribute tagging along for the ride. In fact, with this simple service this is exactly the
case, and understanding that hel ps understand some details of the code.

Savethisfile somewherein your PY THONPATH SimpleMathService.py [http://dsd.Ibl.gov/gtg/projects
pyGridWare/doc/downloads/v1.4.0/simple/SimpleMathService.py]

from generat ed. Si npl eMat h. servi ces. Si npl eMat h. Mat hSer vi ce i nport
Mat hSer vi ceWSRF

cl ass Stateful WebSer vi ce( Mat hSer vi ceWBRF) :

def __init__ (self, *args, **kw):
Mat hServi ceWsRF. __init__ (self, *args, **kw)

sel f.value = O“

def wsa_add(sel f, ps, address, **kvv):ﬂ
request, response = Mat hServi ceWSRF. wsa_add(sel f, ps, address,

**kV\I)E}

sel f.val ue += requestﬂ
return request,response

def wsa_subtract(sel f, ps, address, **kw):
request, response = Mat hServi ceWSRF. wsa_subt ract (sel f, ps,
address, **kw)
sel f.val ue -= request
return request,response

def wsa_get Val ueRP(sel f, ps, address, **kw):
request, response = Mat hServi ceWSRF. wsa_get Val ueRP(sel f, ps,
address, **kw)

return request,response. __class__ (self.value) 'E

The attribute (self.value) is used to save the state.
"wsa " prefixed methods are expected to take these parameters

Each wsa method is expected to return a python object representing the output message of the
corresponding WSDL operation. The base class returns an appropriate instance to us.

The base class returns a python object representing the input message of the corresponding WSDL
operation, this is the request python instance. For the add operation the request is an integer type
element, so the request can be added to self.value.

Thisoneisalittletricky. Theresponse object isjust aninteger with an additional "typecode" attribute
(see request/response discussion above). Integers are immutable, so in order to set the proper value,
self.value, a new instance must be created that contains this value. To do this, we get the class of the
response with response.__class _, and provide the integer self.value to the class constructor.

@ Qe eoe
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Step 4: Deploy the service

There are several ways to deploy a service. In this case we are using a stateful web service so we'll want
to create asingle instance and deploy it at afixed URL. We are using here the web infrastructure provided
by the popular "Twisted" framework. [Note: Twisted does not come with Python, so you will need to first
download and install it from twistedmatrix.com [http://twistedmatrix.com/]. Y ou will need the corelibrary
and also the "Twisted Web" server.]

First, let's append a setup function to the Si npl eMat hSer vi ce. py file.

BHHBHBHHBH B HH B H R H B H B AR H B R R R H R R R R R R
# Set UpResour ceTree

#

BHHBHBHHBH B HH B H R H B H B AR H B R R R H R R R R R R

def Set UpResourceTree(root): “
fromtw sted. web.resource inport Resource
root.putChild('ws', Resource())
root.getStaticentity('ws'). putChild('MathService',
St at ef ul WebServi ce())

This function takes a single parameter r oot , thisrepresentsthe/ resource

Next, we will runthewsr f t wi st dcommand, and direct the command through a command line option
to call this setup function.

twistd -no wsrf --tree=Si npl eMat hSer vi ce. Set UpResour ceTr ee

Congratulations! You'vejust created and deployed a stateful Web Service! But how do you know it really
worked? In the next section, we'll write asimple client to test our new service.

Barebones MathService client.

In this section, we'll quickly show you how to write aclient to test out your newborn stateful Web Service.
The client will have minimal error-checking, but should work fine just connecting on your local host. One
important thing to check before you start is the firewall setup on your computer and make sure that the
firewall allows connections to/from your localhost (127.0.0.1). Y ou do not need to open any holesin your
external connectivity firewall for this client to work.

* Add the three footnoted lines below to client.py and copy it to SmpleMathClient.py . Or
download SimpleMathClient.py [http://dsd.Ibl.gov/gtg/projects/pyGridWare/doc/downl oads/v1.4.0/
simple/SimpleMathClient.py] .

HERH R SR R R R R R R T R R
# Automatical ly generated by wsdl 2web. py

# See LBNLCopyright for copyright notice!

HERH I S R R R R R AR R S R
fromtw sted. python inport |og

fromtw sted.internet inport reactor

i mport ZSl
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frompyGidware. utility.scripts.client inport GetBasicOptParser,\
Get Port KWArgs, Set Up
from generated. Si mpl eMat h. st ubs i nmport SinpleMath as CLI ENT

def mai n(**kw):
| ocat or = CLI ENT. Mat hSer vi ceLocat or ()
port = | ocator.get Mat hPort (**kw)

port.add( CLI ENT. Addl nput Message(10)) ﬂ

port.subtract (CLI ENT. Subtract | nput Message(3)) 2]
print "VALUE ",

port . get Val ueRP( CLI ENT. Get Val ueRPI nput Message()) (3]

# Factory METHOD Just guessing here

#response = port.create(CLI ENT. Creat eRequest ())

#kw ' endPoi nt Ref erence’'] = response. Endpoi nt Ref erence
#i port = | ocator.get Mat hPort (**kw)

reactor.stop()

if __nane__ =="'__main__
op = GetBasi cOpt Parser ()
(options, args) = op.parse_args()
Set Up(opti ons)
kw = Get Port KWAr gs( opti ons)
react or. cal | WhenRunni ng(mai n, **kw)
reactor.run()

“ Invoke the add method, it takesan Addl nput Message instance, it is an integer.

@ Invokethesubt r act method, it takesaSubt r act | nput Message instance, it is an integer.

E} Retrieve the counter value by invoking the get Val ueRP method, the
CGet Val ueRPI nput Message doesn't have any contents.

 You should see the following output. If you want to see the soap messages send debugging information
to stdout by using-d 1

%/ SinmpleMathCient.py -u http://127.0.0.1: 9080/ ws/ Mat hService -d O
VALUE: 7
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In the previous chapters we implemented a simple stateful web service that used local attributes to keep
stateful information.

Inthischapter wewill learn how to write aservicethat, using adesign pattern known asthefactory pattern,
will be able to manage multiple resources. To accomplish this we'll specify our service's state through
resource properties and manage that state through WSRF specific mechanisms.

The WS-Resource factory pattern

The factory pattern is a well-known design pattern in software design, especialy in object-oriented
languages ( Wikipedia entry for factory pattern [http://en.wikipedia.org/wiki/Abstract_factory pattern]).
In this pattern, we are not allowed to create instances of objects directly, but must do so through afactory
that will provideacr eat e operation.

When dealing with multiple resources, the WSRF specs recommend that we follow this pattern, having

one service in charge of creating the resources ("the factory service") and another one to actually access
the information contained in the resources ("the instance service").

Figure4.1. The WS-Resour ce factory pattern

RESOURCES
Requests Factory _ —_— —= =
. .. Creates
resource creation ¥ | Service | [ )
Y |
- | - Resource |
- - -
Cllerlt ‘1:_‘ Perfarms Ve
“HHHH_ operation on - | 1:1 I
~. S | |
Requests that an operation ™~ Instance | -~ Resource |
be parformed an a specfic Service I
resource I oz |
| |
| |Resource| |
|
D: 3
S 4

Figure 4.1, “The WS-Resource factory pattern” summarizes the relationship between these two services,
the resources, and the client. Whenever the client wants to create a new resource, it does so through a
factory service interface (in OO terms, a factory method). It is up to the programmer to implement the
factory service. The pyGridWare infrastructure cannot create it automatically since the input parameters
depend entirely on the details of the implementation. The factory service must return a reference to the
created service instance and resource, in the form of an endpoint reference(EPR). This reference can be
used to in subsequent interactions with the newly created service instance and its associated resource.
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Note

Remember from ???? that endpoint references are a part of the WS-Addressing specification.
EPRs allow us to uniquely address a single WS-Resource. Also, remember that a WS-Resource
isthe pairing of aservicewith aparticular resource. In our first example client, our EPR included
only the service's URI (because we had asingleresource). In this chapter, our EPR will have both
the service's URI and the resource's key.

Using the EPR returned by the factory, the client can now invoke the service instance's operations. This
service instance, in turn, will perform the operations using the recently created resource. If you found this
confusing, you should go back and review the WS-RF concepts and terminology presented in Chapter 1.

One new term that we will use below is resource context, which is essentially just an aggregation of its
current status.

Implementing the WS-Resource factory pattern
In pyGridWare

Implementing thisdesign patternisvery similar to the example seen in the previous chapter, with two main
differences, highlighted in Figure 4.2, “Relationships between the Factory Service, the Instance Service,
the Resource Home, and the Resource” (compare with ?7?7?2?)

Figure 4.2. Relationships between the Factory Service, the Instance Service, the
Resour ce Home, and the Resour ce

Fanmw Saervice Usas the resource home to

Requests E creale resources
T EndpointRaference craataResourcal) S
resource creation - o
,-"_' h“hh
~ e
e H} Resource
Client - Uses the resource homelo __—~ Home
T find resources —
e Instance Service _—
Requests that an operation  ™ay |
be performed on a specific veid add{int a) manages
void subtract (int a)
resource
T Resource
add() and subtract() operate T ¢ var
int values
on the resource properies String lastop

contained in the resource

e Factory method and service instance. To handle multiple resources we will deploy a single service
that has a factory method to create service instances, this method will create new service instances and
return an EPR. Within each of our service's methods we'll need to use the EPR to grab the appropriate
resource (service instance), and access that resource's properites through the properties interface. This
sounds complicated but it's very simple, basically we will be setting python attributes that represent the
resource properties of the MathService.
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» Resource Home. The resource home maintains all resource contexts. The factory service method will
use the resource home to create new resources using a NewResour ceContext method, while the instance
service methods will use the resource home to find a resource using the GetResour ceContext method.

Let's start by examining three Python modules, generated from the WSDL presented in the last section
after removing the comments around the relevant create sections, containing four classes.

Download the MathServicewsdl [http://dsd.Ibl.gov/gtg/projects/pyGridWare/doc/downloads/factory/
MathService.wsdl], or remove the comments in the WSDL by removing all UNCOMMENT sections (or
get it from the next section). The crucial parts of the WSDL you just uncommented are explained below.

<xsd: el emrent nane="Val ue" type="xsd:int"/ >“
<xsd: el ement nane="Last Op" type="xsd:string"/ >ﬂ

<xsd: el enment nane:"NhthResourceProperties">E}
<xsd: conpl exType>
<xsd: sequence>
<xsd: el ement ref="tns: Val ue"/>
<xsd: el ement ref="tns:Lastp"/>
</ xsd: sequence>
</ xsd: conpl exType>
</ xsd: el enment >

<port Type nane="MNMat hPort Type"

wsr p: Resour ceProperti es="tns: Mat hResour ceProperties" >'ﬂ

<operation name="cr eat eResour ce" >'|3
<i nput nessage="tns: Creat el nput Message"/ >
<out put nessage="t ns: Cr eat eQut put Message"/ >
</ operati on>

Value: Resource Property representing the integer value of the service.
LastOp: Resource Property representing the last operation.

MathResour ceProperties. Resource Property Declaration containing element references to the two
Resource Properties.

Set the wsrp:ResourceProperties attribute to the GED MathResourceProperties. Now the
MathPortType is declaring its resource properties.

New factory method for creating instance services.

@ C o0

Create a New Site

Use the wsdl 2web tool to setup a site, but now provide an additional argument - - r py. Now the tool
will provide us with afew additional piecesto make our job easier. Again ignore the warnings, but notice
the last is missing since we have added a resource properties declaration to the math por t Type.

$ nkdir /tnp/MathSite; cd /tnp/MathSite
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$ wsdl 2web --rpy=Mat hServi ce.rpy --script=Mat hFactoryd i ent. py
Mat hSer vi ce. wsdl

Resource Creation, Modification, and
Destruction

The addition of the resource properties declaration has resulted in several changes to the generated code.
WEe'll now examine the files where these changes have occured.

* generated/M athService/servicessM athService/M athService.py: The generated service skeleton
consists of two special methods for resource context access(GetResourceContext) and
creation(NewResour ceContextMathPort). The other "wsa_" methods are not standard WSRF operations
(eg. WS-RP getResourceProperty, WS-BaseNotification Notify), thusit remainsup to you to definetheir
functionality. We'll seeinthe next examples how pyGridWare handlesthe generation of standard WSRF
operations. What does this generated service skeleton provide us with for these non-standard WSRF
operations? It provides us with python object representations of the request and response messages.

cl ass Mat hServi ceWSRF( Mat hSer vi ce) :

def Get ResourceCont ext (ps, address):
"""get a resource context"""

return Manager Home. get I nst ance() . get Resour ceCont ext ( ps,
addr ess)

Get Resour ceCont ext = stati crmet hod( Get Resour ceCont ext)

def NewResour ceCont ext Mat hPort (cls, url):
"""create a new resource context"""
ctx = Mat hPort TypeCont ext ()
ctx. set Address(url)
hone = ct x. get Resour ceHone()
key = home. create()
hone. add(ct x, key)
ct x. set Resour cel D( key)
return ctx

NewResour ceCont ext Mat hPort =

cl assmet hod( NewResour ceCont ext Mat hPor t )

def wsa_creat eResource(sel f, ps, address, **kw):

#ht t p: / / ww. gl obus. or g/ nanmespaces/ exanpl es/ cor e/
Mat hServi ce_i nst ance Creat el nput Message

request, response = Mat hServi ce. wsa_cr eat eResource(sel f, ps,
addr ess)

return request, response
def wsa_add(sel f, ps, address, **kw):

#ht t p: / / ww. gl obus. or g/ nanmespaces/ exanpl es/ cor e/
Mat hSer vi ce_i nst ance Addl nput Message
request, response = MathService. wsa_add(sel f, ps, address)
return request, response
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def wsa_subtract(self, ps, address, **kw):

#ht t p: / / ww. gl obus. or g/ nanmespaces/ exanpl es/ cor e/
Mat hServi ce_i nst ance Subtract| nput Message
request, response = MathService. wsa_subtract(sel f, ps,
addr ess)
return request, response

def wsa_get Val ueRP(sel f, ps, address, **kw):

#ht t p: / / ww. gl obus. or g/ nanmespaces/ exanpl es/ cor e/
Mat hSer vi ce_i nst ance Get Val ueRPI nput Message
request, response = Mat hServi ce. wsa_get Val ueRP(sel f, ps,
addr ess)
return request, response

gener ated/M athSer vice/r esour ce/M athService/M athService.py: The resource home and the
resource context. A MathPortTypeContext instance will have an attribute pr operti es that is an
instance of the MathPortType resource properties class.

cl ass Manager Home( Per si st ent Resour ceHone, Singl et on):
def get ResourceContext(self, ps, address):
key = AddressingUtils. get Resourcel D(ps, Key.typecode)
return sel f.get(key)

cl ass Mat hPort TypeCont ext ( Resour ceCont ext):
def __init_ (self, properties_class=Mat hPort Type):
ResourceContext. init__ (self, properties_class)

def set Resourcel D(self, resourcelD):
Resour ceCont ext . set Resour cel D(sel f, Key(resourcel D))
Mat hPor t TypeCont ext . honme = Manager Hone. get | nst ance()

gener ated/M athSer vice/pr oper tiessM athSer vice/M athSer vice/M athPor t.py: The resource
properties; each element of the resource property declaration is accessed and modified through apython

property.

cl ass Mat hPort Type( Resour ceProperties):
decl aration =
GED("htt p: // www. gl obus. or g/ namespaces/ exanpl es/ cor e/
Mat hSer vi ce_i nstance", " Mat hResour ceProperti es")

def __init__(self):
ResourceProperties. __init__(self)

def getVal ue(self):
return
sel f. get ResourceProperty("http://ww. gl obus. or g/ nanmespaces/
exanpl es/ cor e/ Mat hServi ce_i nstance", "Val ue")
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def setVal ue(self, pyobj):
return
sel f.set ResourceProperty("http://ww. gl obus. or g/ namespaces/
exanpl es/ cor e/ Mat hServi ce_i nst ance", "Val ue", pyobj)
Val ue = property(getVal ue, setVal ue, None, "RP el enent Val ue")

def getlLast Op(self):
return
sel f. get ResourceProperty("http://ww. gl obus. or g/ namespaces/
exanpl es/ cor e/ Mat hServi ce_i nst ance", "Last Op")
def setlastOp(self, pyobj):
return
sel f.set ResourceProperty("http://ww. gl obus. or g/ namespaces/
exanpl es/ cor e/ Mat hServi ce_i nst ance", "Last Op", pyobj)
Last Op = property(getlLast Op, setlLastOp, None, "RP el enent

Last Op")

The service class M athSer viceW SRF has two special methods.
» GetResourceContext: Uses an EPR to retrieve a resource context.

» NewResourceContextM athPort: Createsanew resource context and returnit, we need to call thismethod
in our factory method(s).

Just imagine that we actually have our our service up and ready to accept invocations from aclient class,
and that the service class has access to the resource home and that the resource home, in turn, has accessto
abunch of resource objects. L et's start with the creation of anew resource, shown in Figure 4.3, “ Sequence
diagram for resource creation”.

Figure 4.3. Sequence diagram for resour ce creation
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______________________ fromeeem e
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1. Qur client only needs to know the URI of the factory service (Mat hFact or ySer vi ce). With it, it
caninvokethecr eat eResour ce operation. Thiswill return an endpoint reference, that containsthe
URI and key of the recently created resource.
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2. The ResourceHome is used to create and store Resour ceContexts.

3. Thefactory method cr eat eResour ce hasto create a new resource. This necessarily hasto be done
through the resource home, which is in charge of managing all the resources. However, we have to
locate our resource home first. Fortunately, we don't have to deal directly with the resource home, we
call NewResour ceCont ext Mat hPor t in the factory method to get a new resource.

4. Finaly, the EPR is returned to the client in the response instance.
5. Skip...

Oncethecr eat eResour ce cal hasfinished, theclient will havethe WS-Resource's endpoint reference.
Inall futurecalls, thisendpoint reference will be passed along transparently in al our invocations. I n other
words, when we call add or subt r act , the service class will know what resource we're referring to.
So, let's take a close look at what happens when we invoke the add operation, as shown in Figure 4.4,
“ Sequence diagram for WS-Resource invocation”.

Figure 4.4. Sequence diagram for WS-Resour ce invocation

6. Theclient invokesthe add operation for the (Mat hSer vi ce).

7. The add operation is stateless. First the resource context must be retrieved. The resource identifier
is in the endpoint reference that is included in the address parameter. Fortunately, the generated
Cet Resour ceCont ext (ps, address) method will read the EPR and return resource context
it refersto.

8. Oncewe havetheresource context, the service can directly access stateinformation, such asthe"Value'
and the "LastOp", in the resource properties"ct x. properti es”.

9. Accessing "ct x. properti es. Val ue" retrieves the state.
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10.Modifying "ct x. pr operti es. Val ue" savesthe state.

11 Finally, set"ct x. properti es. Last Op"to" ADDI Tl ON".

Finished MathService Service

from generat ed. Mat hSer vi ce. servi ces. Mat hServi ce. Mat hServi ce i nport
Mat hSer vi ceWSRF

cl ass Mat hServi ce( Mat hServi ceWSRF) :
def wsa_add(sel f, ps, address, **kw):
request, response = Mat hServi ceWSRF. wsa_add(sel f, ps,
address)“
ctx = sel f. Get ResourceCont ext (ps, address) E
ctx. properties. Val ue += requestﬂ
ctx. properties.LastOp = "ADDI TI a\rﬁl'

return request, response

def wsa_subtract(sel f, ps, address, **kw):
request, response = Mat hServi ceWSRF. wsa_subt ract (sel f, ps,

addr ess)
ctx = self. Get ResourceCont ext (ps, address)
ctx. properties. Value -= request

ctx. properties.Last Op = "SUBTRACT"
return request,response

def wsa_get Val ueRP(sel f, ps, address, **kw):
request, response = Mat hServi ceWSRF. wsa_get Val ueRP(sel f, ps,
addr ess)
ctx = self. CGet ResourceCont ext (ps, address)
ctx. properties.LastOp = "GETVALUE"
return request,response. class__ (ctx.properties. Val ue)

#

# The Factory Method for our Finished MathService
#
def wsa_creat eResource(sel f, ps, address, **kw):
# Get request and response
request, response = Mat hServi ceWSRF. wsa_cr eat eResour ce(sel f,
ps, address, **kw)

# Create Resource Context
frompyGidWare. utility.http inport Get URLFronRequest
ctx = sel f. NewResour ceCont ext Mat hPort (\E
Get URLFr onRequest (kw{ ' request ' ] ){3
)

# Initialize Value to O
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counter = ctx.properties
counter.Value = 0 'ﬂ

# Create EndPoi nt Reference and set in response
from pyGi dWar e. addr essi ng. Addressi ngUtils inport
AddressingUtils

epr = AddressingUils. creat eEndpoi nt Ref er ence(ct x) 18]

response. Endpoi nt Ref erence = epr 'E}
return request,response

Call the base class to get the response and request python objects.
Retrieve the resource context.

Use the resource context's properties attribute to get the Val ue resource property, add the request
toit, and set it to the new value.
Usetheresource context's properties attribute to set the Last Op resource property to"ADDITION".

NewResour ceCont ext Mat hPor t : takesa URL and create anew resource context representing
the math port.

Get URLFr onRequest : Utility function that retrieves the URL directly from the HTTP request
kw{ ' request ' ] . Implication? The location of the serviceis abstracted from it's implementation,
so the service can reply/exist at multiple locations.

Initialize the resource properties of the newly created resource context.

Addr essi ngUti |l s. creat eEndpoi nt Ref er ence: Utility function for creating an endpoint
reference(EPR) from aresource context. The EPR isareferenceto the newly created serviceinstance.
response. _Endpoi nt Ref er ence: Set the newly created endpoint reference in the response.

MathService.wsdl: WSDL code for a WSRF
service

Qe @ o0 @0e

<?xm version="1.0" encodi ng="UTF-8"?>
<definitions name="Mat hService"

t ar get Namespace="ht t p: / / ww. gl obus. or g/ namespaces/ exanpl es/ cor e/
Mat hSer vi ce_i nst ance”
xm ns="http://schemas. xm soap. or g/ wsdl /"

xm ns:tns="http://ww. gl obus. or g/ nanespaces/ exanpl es/ cor e/
Mat hSer vi ce_i nst ance"
xm ns: wsdl ="http://schemas. xm soap. org/ wsdl /"

xm ns: wsrp="http://docs. oasi s-open. or g/ wsrf/ 2004/ 06/ wsr f - W5-
Resour ceProperties-1.2-draft-01. xsd"
xm ns: soap="http://schemas. xm soap. or g/ wsdl / soap/"
xm ns: xsd="htt p://ww. w3. or g/ 2001/ XM_Schema" >
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<types>
<xsd: schenmn

TYPES

t ar get Namespace="ht t p: / / ww. gl obus. or g/ namespaces/ exanpl es/ cor e/

Mat hServi ce_

xm ns: t ns="

Mat hServi ce_

i nst ance"

htt p: // ww. gl obus. or g/ namespaces/ exanpl es/ cor e/
i nstance"

xm ns: wsa="http://schemas. xm soap. or g/ ws/ 2004/ 03/ addr essi ng"
xm ns: xsd="http://ww. w3. or g/ 2001/ XM_Schema" >

<l--

| MPORT WS- ADDRESSI NG - - >

<xsd: i nport

nanmespace="
schemalLocat

<l--

http://schemas. xm soap. or g/ ws/ 2004/ 03/ addr essi ng"
ion="http://schemas. xm soap. or g/ ws/ 2004/ 03/ addr essi ng"/ >

REQUESTS AND RESPONSES - - >

<xsd: el ement nane="add" type="xsd:int"/>
<xsd: el ement nane="addResponse" >

<xsd: conpl exType/ >

</ xsd: el enent >

<xsd: el ement nanme="subtract" type="xsd:int"/>
<xsd: el ement nanme="subtract Response" >

<xsd: conpl exType/ >

</ xsd: el enent >

<xsd: el ement nane="get Val ueRP" >

<xsd: conpl exType/ >

</ xsd: el enent >
<xsd: el ement nane="get Val ueRPResponse” type="xsd:int"/>

<xsd: el emrent nane="create">

<xsd: conpl exType/ >

</ xsd: el enent >
<xsd: el ement name="cr eat eResponse" >

<xsd: conpl exType>
<xsd: sequence>
<xsd: el ement ref="wsa: Endpoi nt Ref erence"/ >
</ xsd: sequence>
</ xsd: conpl exType>

</ xsd: el enent >

<xsd: el ement nanme="Val ue" type="xsd:int"/>
<xsd: el ement nanme="Last Op" type="xsd:string"/>
<xsd: el ement nanme="WMat hResour ceProperties">

<xsd: conpl exType>

<xsd: sequence>
<xsd: el ement ref="tns: Val ue"/>
<xsd: el ement ref="tns:Lastp"/>
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</ xsd: sequence>
</ xsd: conpl exType>
</ xsd: el enment >

</ xsd: schenma>
</types>

<nmessage nanme="Addl nput Message" >
<part name="paraneters" el enent="tns:add"/>
</ message>
<nmessage nanme="AddQut put Message" >
<part name="paraneters"” el enment="tns: addResponse"/ >
</ message>

<nmessage name="Subtract| nput Message" >
<part name="paraneters" el ement="tns:subtract"/>
</ message>
<nmessage name="Subt ract Qut put Message" >
<part name="paraneters" el enent="tns:subtract Response"/>
</ message>

<nmessage name="Cet Val ueRPI nput Message" >
<part name="paraneters" el enent="tns: getVal ueRP"/>
</ message>
<nmessage name="Cet Val ueRPQut put Message” >
<part name="paraneters” el enment="tns: get Val ueRPResponse"/ >
</ message>

<nmessage name="Creat el nput Message" >
<part name="paraneters” el enment="tns:create"/>
</ message>
<nmessage name="Creat eCut put Message" >
<part name="paraneters" el ement="tns:creat eResponse"/>
</ message>

<port Type nane="MNMat hPort Type"
wsr p: Resour ceProperti es="tns: Mat hResour ceProperti es">

<oper ation name="add" >
<i nput nessage="tns: Addl nput Message"/ >
<out put message="tns: AddCut put Message"/ >
</ oper ati on>
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<operation name="subtract">
<i nput nessage="tns: Subtract | nput Message"/ >
<out put message="tns: Subtract Cut put Message"/ >
</ oper ati on>

<oper ati on name="get Val ueRP" >
<i nput nessage="tns: Get Val ueRPI nput Message"/ >
<out put message="tns: Get Val ueRPQut put Message"/ >
</ oper ati on>

<oper ati on name="cr eat eResource" >
<i nput nessage="tns: Creat el nput Message”/ >
<out put message="tns: Cr eat eQut put Message”/ >
</ oper ati on>

</ port Type>

<bi ndi ng nanme="Mat hBi ndi ng" type="Mat hPort Type" >
<soap: bi ndi ng styl e="docunent"
transport="http://schemas. xnl soap. or g/ soap/ http"/>

<wsdl : operati on nanme="add" >
<soap: operation soapAction=""/>
<wsdl : i nput >
<soap: body use="literal"/>
</ wsdl : i nput >
<wsdl : out put >
<soap: body use="literal"/>
</ wsdl : out put >
</ wsdl : oper ati on>

<wsdl : operati on name="subtract">
<soap: operation soapAction=""/>
<wsdl : i nput >
<soap: body use="literal"/>
</ wsdl : i nput >
<wsdl : out put >
<soap: body use="literal"/>
</ wsdl : out put >
</ wsdl : oper ati on>

<wsdl : operati on name="get Val ueRP" >
<soap: operation soapAction=""/>
<wsdl : i nput >
<soap: body use="literal"/>
</ wsdl : i nput >
<wsdl : out put >
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<soap: body use="literal"/>
</ wsdl : out put >
</ wsdl : oper ati on>

<wsdl : operati on name="cr eat eResource" >
<soap: operation soapAction=""/>
<wsdl : i nput >
<soap: body use="literal"/>
</ wsdl : i nput >
<wsdl : out put >
<soap: body use="literal"/>
</ wsdl : out put >
</ wsdl : oper ati on>
</ bi ndi ng>

<servi ce nane="Mat hService">
<port name="Mat hPort" bi ndi ng="Mat hBi ndi ng" >
<soap: address | ocation="http://| ocal host: 8080/ wsrf/services/"/>
</ port >
</ service>

</definitions>

Installing the MathService.rpy script

The finished MathService can be installed directly as an "rpy" script in the "services sub-directory where
the service container is executed.

% s services/
Mat hSer vi ce. r py
% /start-container.sh -1 server.log

The service container above appears to have only a MathService, but other services that are transparent

to the user such as SubscriptionManager and NotificationProducer are configured in the ser ver -
config.tacfile

Note

Finished MathService.rpy [http://dsd.Ibl.gov/gtg/projects/pyGridWare/doc/downloads/factory/
MathService.rpy] script
from gener at ed. Mat hSer vi ce. servi ces. Mat hSer vi ce. Mat hServi ce i nport

Mat hSer vi ceWBRF

cl ass Servi ce(Mat hServi ceWsRF) :
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def wsa_add(sel f, ps, address, **kw):
request, response = Mat hServi ceWSRF. wsa_add(sel f, ps, address)
ctx = self. CGet ResourceCont ext (ps, address)
ctx. properties. Val ue += request
ctx. properties.LastOp = "ADDI TI ON'
return request, response

def wsa_subtract(self, ps, address, **kw):
request, response = Mat hServi ceWSRF. wsa_subt ract (sel f, ps,
addr ess)
ctx = self. CGet ResourceCont ext (ps, address)
ctx. properties. Val ue -= request
ctx. properties.Last Op = " SUBTRACT"
return request, response

def wsa_get Val ueRP(sel f, ps, address, **kw):

request, response = Mat hServi ceWSRF. wsa_get Val ueRP(sel f, ps,
addr ess)

ctx = self. CGet ResourceCont ext (ps, address)
ctx. properties.LastOp = " GETVALUE"
return request,response. class__(ctx.properties. Val ue)

#
# The Factory Method for our Finished MathService
#
def wsa_createResource(self, ps, address, **kw):
# Cet request and response
request, response = Mat hServi ceWSRF. wsa_cr eat eResour ce(sel f,
ps, address, **kw)

# Create Resource Context
frompyGidware. utility. http inport Get URLFronRequest
ctx = sel f.NewResour ceCont ext Mat hPort (\
Get URLFr onRequest (kw{ ' request'])
)

# Initialize Value to O
counter = ctx.properties
counter.Value = 0

# Create EndPoi nt Reference and set in response

from pyG i dwWar e. addr essi ng. Addressi ngUtils inport
AddressingUtils

epr = AddressingUtils. creat eEndpoi nt Ref erence(ct x)

response. _Endpoi nt Ref erence = epr

return request,response

L1

resource = Service()

“ extralineto createther esour ce so twisted will recognize it as such.
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The ResourceHome and Persistence

Note

Sorry, this section needs to be redone.

Sample Client using an EndpointReference

We will try out our service first with a simple client that creates a new resource and performs a couple
operations on it. Starting from the client that was generated by wsdl 2web all that's needed are afew rpc
callsto demonstrate WSRF resource's behavior. Download MathFactoryClient.py [http://dsd.Ibl.gov/gtg/
projects/pyGridWare/doc/downl oads/factory/MathFactoryClient.py]

#!/ usr/ bin/env python

HERHHHHH R R
# Mat hFactoryCd i ent. py

# See LBNLCopyright for copyright notice!

HERHHHH R
fromtw sted. python inmport |og

fromtw sted.internet inmport reactor

i mport ZSl

frompyGidware. utility.scripts.client inport GetBasicOptParser,
Cet Port KWAr gs, Set Up

from gener at ed. Mat hServi ce. stubs i nmport MathService as CLI ENT

def mai n(**kw):
| ocat or = CLI ENT. Mat hSer vi ceLocat or ()

port = | ocator. get Mat hPort (**kw) “

nsg = port.createResource(CLI ENT. Creat el nput Message()) (2]
i port =

| ocat or. get Mat hPort (endPoi nt Ref er ence=nmsg. Endpoi nt Ref erence, **kw) E}
for i in range(10):

i port.add(CLI ENT. Addl nput Message(i)) 'ﬂ

msg = iport.subtract (CLI ENT. Subtract | nput Message(10))

nsg i port.getVal ueRP( CLI ENT. Get Val ueRPI nput Message())
# Factory METHOD Just guessing here

#response = port.create(CLI ENT. Creat eRequest())

#kw ' endPoi nt Ref erence’'] = response. _Endpoi nt Ref er ence
#i port = | ocator.get Mat hPort (**kw)

reactor.stop()

print "M5G ", nsg

print "CORRECT: ", msg == sun{range(10)) - 10
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if _nanme_ ="' _ min__':
op = GetBasi cOpt Parser ()
(options, args) = op.parse_args()
Set Up(opti ons)
kw = Get Port KWAr gs( opt i ons)
react or. cal | WhenRunni ng(mai n, **kw)
reactor.run()

Here we obtain areference to aMat hPor t Type instance.

o

Once we have the MathPortType, we use it to invoke the cr eat eResour ce operation. This

operation returns an endpoint reference, inside a Cr eat eResour ceResponse object. This

endpoint reference includes both the instance service's URI and the new resource'sidentifier. In the

next client we will take a peek inside the endpoint reference.

E} Using the instance EPR, we obtain a new Mat hPor t Type which will now refer to the instance
service.

ﬂ We now usethe Mat hPor t Type toinvokeadd, subt r act , and get Val ueRP.

run the client:
./ Mat hFactorydient.py -u
http://127.0.0.1: 9080/ wsrf/services/ MathService -d 0
If al goeswell, you should see the following:
MsG 35
CORRECT:  True
If you run it again, you will get the exact same result. This is because we are creating a new resource

every time we run the client.

MSG 35
CORRECT: True
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In the previous chapters we have seen how state information in the service is stored inside a resource
and, more specifically, in resource properties. However, our interaction with resource propertieswas very
limited: our service could modify their values, and we could only access one particular resource property
(Val ue) using the Get Val ueRP operation. In this chapter we will see all the some of the tools that will
allow usto work with resource properties.

A closer look at resource properties

Before we begin, we need to take a closer ook at how resource properties are represented and handled
internally in our service. First of all, let'srecall how our resource properties are declared in all the examples
we've seen so far:

<types>
<xsd: schenmn

t ar get Namespace="htt p: / / wwv. gl obus. or g/ namespaces/ exanpl es/ cor e/
Mat hSer vi ce_i nst ance"

xm ns:tns="http://ww. gl obus. or g/ nanespaces/ exanpl es/ cor e/
Mat hSer vi ce_i nst ance"

xm ns: xsd="http://ww. w3. or g/ 2001/ XM_Schema" >

<I-- REQUESTS AND RESPONSES - ->

<l-- ... -->

<!I'-- RESCURCE PROCPERTIES -->

<xsd: el ement nanme="Val ue" type="xsd:int"/>
<xsd: el ement nane="Last Op" type="xsd:string"/>

<xsd: el ement nane="WMat hResour ceProperties">

<xsd: conpl exType>

<xsd: sequence>
<xsd: el ement ref="tns:Value" m nOccurs="1" maxCccurs="1"/>
<xsd: el ement ref="tns:Last" m nCccurs="1" maxQccurs="1"/>
</ xsd: sequence>

</ xsd: conpl exType>

</ xsd: el enment >

</ xsd: schema>
</types>

Notice how we're using XML Schemato declare an element named Mat hResour cePr operti es that
must containaVal ue elementandalast Op element. TheVal ue element, inturn, isdeclared to contain
aninteger (xsd: i nt) andtheLast Op element, astring (xsd: st ri ng).
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In the previous examples, we have simply interpreted this as meaning "Our service has two resource
properties, Val ue of typeinteger and Last Op of type string”. The generated resource class has python
attributes representing each of the resource properties.

Resource properties are declared in XML Schema in order to be exchanged with other entities (clients,
other services, etc.) as an XML document. This XML representation is called the resource property
document. For example, the following is an example of how our service's RP document might look like
at agiven point:

<Mat hResour ceProperties

xm ns:tns="http://ww. gl obus. or g/ nanespaces/ exanpl es/ cor e/
Mat hSer vi ce_i nst ance" >

<t ns: Val ue>50</t ns: Val ue>

<t ns: Last Op>ADDI Tl ON</ t ns: Last Op>
</ Mat hResour ceProperti es>

It is important to be familiar with this representation because many operations related with resource
properties are better explained in terms of how that operation modifies the RP document. For example,
let's suppose our resource properties are declared the following way:

<!I'-- RESCURCE PRCPERTIES -->

<xsd: el enent nanme="Val ue" type="xsd:int"/>
<xsd: el enent nane="Last Op" type="xsd:string"/>

<xsd: el enent nanme="NMat hResour ceProperties">
<xsd: conpl exType>
<xsd: sequence>
<xsd: el ement ref="tns: Value" m nQccurs="1" nmaxCccur s="unbounded"/ >
<xsd: el enent ref="tns:Last " m nCccurs="1" maxQccur s="unbounded"/ >
</ xsd: sequence>
</ xsd: conpl exType>
</ xsd: el emrent >

Notice how we are alowing Val ue and Last Op to occur at least one time, with no other limit
(unbounded). Althoughinternally thiswill beimplemented asan array of integersand an array of strings,
the RP document could look like this at a given point:

<Mat hResour ceProperti es

xm ns:tns="http://ww. gl obus. or g/ nanespaces/ exanpl es/ cor e/
Mat hSer vi ce_i nst ance" >

<t ns: Val ue>10</tns: Val ue>

<t ns: Val ue>30</t ns: Val ue>

<t ns: Val ue>50</t ns: Val ue>

<t ns: Val ue>40</tns: Val ue>

<t ns: Last Op>ADDI Tl ON</ t ns: Last Op>

<t ns: Last Op>ADDI Tl ON</ t ns: Last Op>

<t ns: Last Op>ADDI Tl ON</ t ns: Last Op>

<t ns: Last Op>SUBTRACTI ON</ t ns: Last Op>
</ Mat hResour ceProperti es>

Later on, for example, we will talk about "inserting a new resource property Last Op with value
ADDI TI ON". This doesn't mean that we are declaring a new RP but, rather, that we are inserting a new
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element Last Qp inside our resource property document. Again, it is useful to be aware of how resource
properties are represented in XML.

Standard interfaces

An entire WSRF specification, WS-ResourceProperties, is devoted to RPs, RP documents, and to a set of
standard portTypes we can use to interact with a service's RPs. Each of these four portTypes exposes a
single operation, with the same name as the portType. In this chapter's example we will use all of these
portTypes.

GetResourceProperty

This portType alows us to access the value of any resource property given its QName. This portType
provides a genera way of accessing RPs without the need of an individual get operation for each RP
(recall that, in previous chapters, we used the Get Val ueRP operation to access the Val ue resource

property).
GetMultipleResourceProperties

This portType allows us to access the value of several resource properties at once, given each of their
QNames.

SetResourceProperties

This portType allows us to request one or several modifications on a service's RPs. In particular we can
perform the following operations:

» Update: Change the value of a RP with anew value.

* Insert: Add anew RP with a given value.

+ Delete: Eliminate all occurrences of a certain RP.

Again, note that the Set Resour cePr operti es portType has a single operation (not three separate

ones). We will use the parameters of the Set Resour cePr opert i es to specify what action (update,
insert, or delete) we want to carry out.

QueryResourceProperties

This portType alows us to perform complex queries on the RP document. Currently, the query language
used is X Path.

Extending The MathPortType: A New WSDL file

Wewill now write and deploy anew service that exposes all the WS-ResourceProperty portTypesthrough
compositional inheritance. What is compositional inheritance? Basically copying & pasting operations
from the WSRP portTypes to the MathPortType. Our client application will, in turn, make a call to some
of these portTypes.

In this chapter we must use a new WSDL file because we want to extend from new portTypes,
which necessarily changes our service's interface. In this WSDL the "get Val ueRP" operation has
been removed. The GetResourceProperty, SetResourceProperty, GetM ultipleResourceProperties, and
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QueryResourceProperties operations were copied from their respective WSRP portTypes into the
MathPortType. In theMathBinding we also need to define each new operation.

Note

Download: MathRPServicewsdl [http://dsd.Ibl.gov/gtg/projects/pyGridWare/doc/downloads/
rp/MathRPService.wsdl]

<?xm version="1.0" encodi ng="UTF-8""?>
<definitions nane="Mat hServi ceRP"

t ar get Namespace="htt p: / / ww. gl obus. or g/ nanespaces/ exanpl es/ cor e/

Mat hSer vi ce_i nstance_r p" 1]
xm ns="http://schemas. xm soap. or g/ wsdl /"

xm ns:tns="http://ww. gl obus. or g/ nanespaces/ exanpl es/ cor e/
Mat hSer vi ce_i nstance_rp"
xm ns: wsdl ="http://schemas. xm soap. or g/ wsdl /"

xm ns: wsrp="http://docs. oasi s-open. or g/ wsrf/ 2004/ 06/ wsr f - W5-
ResourceProperties-1.2-draft-01. xsd"

xm ns:wsrpw="http://docs. oasi s-open. or g/ wsrf/ 2004/ 06/ wsr f - W5-

Resour ceProperties-1.2-draft-01. wsdl" ﬂ
xm ns: soap="http://schemas. xm soap. or g/ wsdl / soap/"
xm ns: wsa="http://schemas. xm soap. or g/ ws/ 2004/ 03/ addr essi ng"
xm ns: xsd="http://ww. w3. or g/ 2001/ XM_Schenma" >

<wsdl : i nport E}
namespace=

"http://docs. oasi s-open. or g/ wsrf/ 2004/ 06/ wsr f - W5- Resour ceProperti es-
1.2-draft-01.wsdl"
| ocati on="wsrf/properties/ Ws- Resour ceProperties.wsdl " />

<types>

<xsd: schema

t ar get Namespace="ht t p: / / ww. gl obus. or g/ namespaces/ exanpl es/ cor e/
Mat hSer vi ce_i nstance_r p"

xm ns:tns="http://ww. gl obus. or g/ nanespaces/ exanpl es/ cor e/
Mat hSer vi ce_i nstance_r p"
xm ns: wsa="http://schemas. xm soap. or g/ ws/ 2004/ 03/ addr essi ng"
xm ns: xsd="http://ww. w3. or g/ 2001/ XM_Schema" >

<I-- | MPOCRT W5- ADDRESSI NG - - >
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<xsd: i nport
nanespace="http://schemas. xm soap. or g/ ws/ 2004/ 03/ addr essi ng"

schemaLocati on="http://schemas. xm soap. or g/ ws/ 2004/ 03/ addr essi ng"/ >
<! -- REQUESTS AND RESPONSES - ->

<xsd: el ement nane="add" type="xsd:int"/>
<xsd: el ement nane="addResponse" >

<xsd: conpl exType/ >
</ xsd: el enment >
<xsd: el ement nanme="subtract" type="xsd:int"/>
<xsd: el ement nanme="subtract Response" >

<xsd: conpl exType/ >
</ xsd: el enment >

<xsd: el ement nanme="create">
<xsd: conpl exType/ >
</ xsd: el enment >
<xsd: el ement name="cr eat eResponse" >
<xsd: conpl exType>
<xsd: sequence>
<xsd: el ement ref="wsa: Endpoi nt Ref erence"/ >
</ xsd: sequence>
</ xsd: conpl exType>
</ xsd: el enent >

<l-- Mat hService Resource Properties -->

<xsd: el ement nanme="Val ue" type="xsd:int"/>
<xsd: el ement nane="Last Op" type="xsd:string"/>
<xsd: el ement nanme="Mat hResour ceProperties">
<xsd: conpl exType>
<xsd: sequence>
<xsd: el ement ref="tns: Val ue"/>
<xsd: el ement ref="tns:Lastp"/>
</ xsd: sequence>
</ xsd: conpl exType>
</ xsd: el enent >

</ xsd: schema>
</types>

<nmessage name="Addl nput Message" >
<part name="paraneters" el enent="tns:add"/>
</ message>
<nmessage nanme="AddQut put Message" >
<part name="paraneters" el ement="tns: addResponse"/ >
</ message>
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<nmessage name="Subtract| nput Message" >
<part name="paraneters" el ement="tns:subtract"/>
</ message>
<nmessage name="Subt ract Qut put Message" >
<part name="paraneters" el enent="tns:subtract Response"/>
</ message>

<nmessage name="Creat el nput Message" >
<part name="paraneters" el enment="tns:create"/>
</ message>
<nmessage name="Creat eCut put Message" >
<part name="paraneters” el ement="tns:creat eResponse"/>
</ message>

<port Type nane="Mat hPort Type"
wsr p: Resour ceProperti es="tns: Mat hResour ceProperti es">

<operation nane="add"> {}

<i nput nessage="tns: Addl nput Message"/ >
<out put nessage="t ns: AddCQut put Message"/ >
</ operati on>

<operation nanme="subtract">

<i nput nessage="tns: Subtract | nput Message"/ >
<out put nessage="tns: Subtract Qut put Message"/ >
</ operati on>

<oper ati on nanme="cr eat eResource" >

<i nput nessage="tns: Cr eat el nput Message"/ >
<out put nessage="t ns: Cr eat eCQut put Message"/ >
</ operati on>

<oper ati on name="Cet Resour ceProperty"> {3
<i nput nane="Get Resour cePropertyRequest"
message="wsr pw. Get Resour cePr opert yRequest "

wsa: Action="http://docs. oasi s-open. org/ wsrf/ 2004/ 06/ wsr f - W5-
Resour ceProperti es/ Get Resour ceProperty"/ >
<out put nane=" CGet Resour cePropert yResponse”
message="wsr pw. Get Resour cePr opert yResponse"

wsa: Action="http://docs. oasi s-open. org/ wsrf/ 2004/ 06/ wsr f - W5-
Resour ceProperti es/ Get Resour cePropert yResponse"/ >
<fault nane="Inval i dResour cePropertyaneFaul t"
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message="wsr pw. | nval i dResour cePr opert yQNaneFaul t "/

<faul t name="Resour ceUnknownFaul t"
message="wsr pw. Resour ceUnknownFaul t "/ >
</ oper ati on>

<operation name="Get Mul ti pl eResour ceProperties"> {3
<i nput nane="Get Mul ti pl eResour ceProperti esRequest™
nmessage="wsr pw. Get Mul ti pl eResour ceProperti esRequest"”
wsa: Action="http://docs. oasi s-open. org/ wsrf/ 2004/ 06/ wsr f - W5-
Resour ceProperties/ Get Ml ti pl eResour ceProperties"/>
<out put name="Get Mul ti pl eResour ceProperti esResponse”
nmessage="wsr pw. Get Mul ti pl eResour ceProperti esResponse"
wsa: Action="http://docs. oasi s-open. org/ wsrf/ 2004/ 06/ wsr f - W5-
Resour ceProperties/ Get Mul ti pl eResour ceProperti esResponse"/ >
<fault nane="Inval i dResour cePropertyQaneFaul t"
nessage="wsr pw. | nval i dResour cePropertyQNaneFaul t"/ >
<faul t name="Resour ceUnknownFaul t"
nmessage="wsr pw. Resour ceUnknownFaul t "/ >
</ operati on>

<oper ati on name="Set Resour ceProperties"> 7]
<i nput nane="Set Resour ceProperti esRequest™
nmessage="wsr pw. Set Resour ceProperti esRequest” wsa: Action="http://
docs. oasi s- open. or g/ wsrf/ 2004/ 06/ wsr f - W5- Resour cePr operti es/
Set Resour ceProperties"/>
<out put name="Set Resour ceProperti esResponse"
nmessage="wsr pw. Set Resour ceProperti esResponse" wsa: Action="http://
docs. oasi s- open. or g/ wsrf/ 2004/ 06/ wsr f - W5- Resour cePr operti es/
Set Resour ceProperti esResponse"/ >
<fault name="I nval i dResour cePropertyQaneFaul t"
nmessage="wsr pw. | nval i dResour cePropertyQNaneFaul t"/ >
<faul t name="Unabl eToModi f yResour cePropertyFaul t"
nessage="wsr pw. Unabl eToMbdi f yResour cePropertyFaul t"/ >
<fault nane="Set Resour cePropertyRequest Fai | edFaul t"
nessage="wsr pw. Set Resour cePr opert yRequest Fai | edFaul t"/ >
<faul t name="Resour ceUnknownFaul t"
nessage="wsr pw. Resour ceUnknownFaul t "/ >
<fault nane="Inval i dSet Resour ceProperti esRequest Cont ent Faul t"
nmessage="wsr pw. | nval i dSet Resour cePr operti esRequest Content Fault"/ >
</ operati on>

<oper ation name="Quer yResourceProperties"> '@
<i nput nane="QueryResour cePropertiesRequest"”
nmessage="wsr pw. Quer yResour ceProperti esRequest"” wsa: Action="http://
docs. oasi s- open. or g/ wsr f/ 2004/ 06/ wsr f - W5- Resour cePr operti es/
QueryResour ceProperties"/>
<out put name="Quer yResour ceProperti esResponse"
nmessage="wsr pw. Quer yResour cePr operti esResponse" wsa: Action="http://
docs. oasi s- open. or g/ wsr f/ 2004/ 06/ wsr f - W5- Resour cePr operti es/
Quer yResour ceProperti esResponse"/ >
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<fault nane="UnknownQuer yExpressi onDi al ect Faul t"
message="wsr pw. UnknownQuer yExpr essi onDi al ect Faul t"/ >

<fault nanme="Inval i dResour cePropertyQanmeFaul t"
message="wsr pw. | nval i dResour cePr opertyQNaneFaul t "/ >

<fault nane="QueryEval uati onErrorFault”
message="wsr pw. Quer yEval uati onErrorFaul t"/>

<fault nane="Inval i dQueryExpressi onFault"
message="wsr pw. | nval i dQuer yExpr essi onFaul t"/ >

<faul t name="Resour ceUnknownFaul t"
message="wsr pw. Resour ceUnknownFaul t "/ >

</ oper ati on>

</ port Type>

<bi ndi ng name="Mat hBi ndi ng" type="Mat hPort Type" > i;
<soap: bi ndi ng styl e="docunent"
transport="http://schemas. xnl soap. org/ soap/ http"/>

<wsdl : operati on name="add" >
<soap: operation soapAction=""/>
<wsdl : i nput >
<soap: body use="literal"/>
</ wsdl : i nput >
<wsdl : out put >
<soap: body use="literal"/>
</ wsdl : out put >
</ wsdl : operati on>

<wsdl : operati on name="subtract">
<soap: operation soapAction=""/>
<wsdl : i nput >
<soap: body use="literal"/>
</ wsdl : i nput >
<wsdl : out put >
<soap: body use="literal"/>
</ wsdl : out put >
</ wsdl : operati on>

<wsdl : operati on nanme="cr eat eResource" >
<soap: operation soapAction=""/>
<wsdl : i nput >
<soap: body use="literal"/>
</ wsdl : i nput >
<wsdl : out put >
<soap: body use="literal"/>
</ wsdl : out put >
</ wsdl : operati on>
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<wsdl| : operati on name="Cet Resour ceProperty">
<soap: operation soapAction=""/>
<wsdl : i nput >
<soap: body use="literal"/>
</ wsdl : i nput >
<wsdl : out put >
<soap: body use="literal"/>
</ wsdl : out put >
</ wsdl : oper ati on>

<wsdl : operati on name="Cet Mul ti pl eResourceProperties">
<soap: operati on soapAction=""/>
<wsdl : i nput >
<soap: body use="literal"/>
</ wsdl : i nput >
<wsdl : out put >
<soap: body use="literal"/>
</ wsdl : out put >
</ wsdl : oper ati on>

<wsdl : operati on name="Set Resour ceProperties">
<soap: operati on soapAction=""/>
<wsdl : i nput >
<soap: body use="literal"/>
</ wsdl : i nput >
<wsdl : out put >
<soap: body use="literal"/>
</ wsdl : out put >
</ wsdl : oper ati on>

<wsdl : operati on name="Quer yResour ceProperties">
<soap: operation soapAction=""/>
<wsdl : i nput >
<soap: body use="literal"/>
</ wsdl : i nput >
<wsdl : out put >
<soap: body use="literal"/>
</ wsdl : out put >
</ wsdl : oper ati on>
</ bi ndi ng>

<servi ce nane="Mat hService">
<port name="Mat hPort" bi ndi ng="Mat hBi ndi ng" >
<soap: address | ocation="http://| ocal host: 8080/ wsrf/services/"/>
</ port >
</ service>

</definitions>

60



Resource Properties

Note

Copy & Paste WSDL definition to "/tmp/MathRPService.wsdl".

Notice how we declare a new target namespace for our new WSDL interface.

This namespace declaration (Wsr pw) was already present in previous examples. We need to declare
the WS-ResourceProperties namespace if we want to use the messages associated with the WSRP
portTypes defined in that specification.

We must import the WS-ResourceProperties WSDL file, where the portTypes and associated
messages are actually defined. Futhermore this WSDL file must exist at the location specified in
the import.

Our example exposes the add, subt r act , and cr eat eResour ce operations in addition to the
WS-ResourceProperty portType operations.

We've eliminated the Get Val ueRP operation (although not shown above, the WSDL file also
lacks the corresponding Get Val ueRP messages and elements). Since we are now going to use
the Get Resour cePr operty portType, there is no need to expose an explicit Get Val ueRP
operation.

GetM ultipleResourceProperties portType operation.

e @ oeoe

SetResourceProperties portType operation.
QueryResourceProperties portType operation.

We need to add each additional operation to the MathBinding, this can be accomplished by simply
copying one of the other operations and changing the name attribute.

(ool o

Create a New Site

% nkdir /tnp/ Mat hRPSite

% cd /tnp/ Mat hRPSi t e

% mv /t np/ Mat hRPSer vi ce. wsdl

% wsdl 2web --script=client.py --rpy=Mat hService.rpy MathRPServi ce. wsdl

% wsdl 2web --script=client.py --rpy=Mat hService.rpy MathRPServi ce. wsdl
Failure: [Errno 2] No such file or directory:
"wsrf/properties/ Ws- Resour ceProperties. wsdl"'

% cp -r ~/ Desktop/Wrkspace/ Pyt hon/ pyG i dWar e/ shar e/ schenma/ wsr f

% wsdl 2web --script=client.py --rpy=Mat hService.rpy MathRPServi ce. wsdl
Failure: [Errno 2] No such file or directory: 'ws/xnl.xsd'

% cp -r ~/ Desktop/Wrkspace/ Pyt hon/ pyG i dWar e/ shar e/ schema/ ws .

% wsdl 2web --script=client.py --rpy=Mat hService.rpy MathRPServi ce. wsdl
ZSl [ wst ool s/ XMLSchena. py: 1214: UserWarni ng: annotation is ignored

In the next two sections I'll present new rpy and client scripts that you should copy & paste over the auto
generated services/MathService.rpy and client.py.
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New MathService.rpy Script

We no longer need to implement the get Val ue RP operation. The WS-ResourceProperties portTypes, or
operations, are generated in the Mat hSer vi ceWSRF class. But we need to implement the add, subtract
and createResource methods.

Note

Download: MathService.rpy [http://dsd.Ibl.gov/gtg/projects/pyGridWare/doc/downl oads/rp/
MathService.rpy]

HERHHHHH T H T H A H R H R
# Automatically generated by wsdl 2web. py
# See LBNLCopyright for copyright notice!
HERHHHHH T H T H R H R H R
from gener at ed. Mat hRPSer vi ce. servi ces. Mat hRPSer vi ce. Mat hSer vi ce i nport

Mat hSer vi ceWSRF

cl ass Servi ce(Mat hServi ceWsRF) :

def wsa_add(sel f, ps, address, **kw):
request, response = Mat hServi ceWSRF. wsa_add(sel f, ps, address)
ctx = self. CGet ResourceCont ext (ps, address)
ctx. properties. Val ue += request
ctx. properties.LastOp = "ADD TI ON'
return request,response

def wsa_subtract(self, ps, address, **kw):
request, response = Mat hServi ceWSRF. wsa_subt ract (sel f, ps,

addr ess)
ctx = self. CGet ResourceCont ext (ps, address)
ctx. properties. Val ue -= request

ctx. properties.Last Op = " SUBTRACT"
return request,response

#
# The Factory Method for our Finished MathService
#
def wsa_createResource(self, ps, address, **kw):
# Cet request and response
request, response = Mat hServi ceWSRF. wsa_cr eat eResour ce(sel f,
ps, address, **kw)

# Create Resource Context
frompyGidware.utility. http inport Get URLFronRequest
ctx = sel f.NewResour ceCont ext Mat hPort (\
Get URLFr onRequest (kw{ ' request'])
)

# Initialize Value to O
counter = ctx.properties
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counter.Value = 0

# Create EndPoi nt Reference and set in response

from pyG i dwWar e. addr essi ng. Addressi ngUtils inport
AddressingUtils

epr = AddressingUtils. creat eEndpoi nt Ref erence(ct x)

response. Endpoi nt Ref erence = epr

return request, response

resource = Service()

Client code

Our client application will make callsto some of the WS-ResourceProperties portTypes. The next example
will use more complex resource properties and then we will see how to invoke the rest of the portTypes.

In the examples that follow instances of python stub classes are directly manipulated and access through
attributes. The python attributes of an object represent XML Schema element declarations, there is a
predictable mapping. Above the tests are afew relevant XML Schema samples.

Note

Download Complete Client: client.py [http://dsd.Ibl.gov/gtg/projects/pyGridWare/doc/
downloads/rp/client.py]

#!/usr/ bin/env python

HERHHHHH T H T H R H R H R
# Automatically generated by wsdl 2web. py

# See LBNLCopyright for copyright notice!

HERHHHHH T H T H T H R H R R R
fromtw sted. python inmport |og

fromtw sted.internet inport reactor

i mport ZSl

frompyGidware. utility.scripts.client inport GetBasicOptParser,
Cet Port KWArgs, Set Up

from gener at ed. Mat hRPSer vi ce. st ubs i nport ©Mat hRPServi ce as CLI ENT

def Get ResourceProperty(iport):
""" Repl ace Get ResourceProperty """

def Set ResourceProperty(iport):
""" Repl ace Set ResourceProperty """
def GetMultipl eResourceProperties(iport):
""" Replace GetMiltipleResourceProperties """

def main(*argv, **kw):
| ocat or = CLI ENT. Mat hSer vi ceLocat or ()
port = | ocator. get Mat hPort (**kw)
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msg = port.createResource(CLI ENT. Creat el nput Message())
i port =
| ocat or. get Mat hPor t (endPoi nt Ref er ence=nsg. Endpoi nt Ref erence, **kw)

if len(argv) > O:
met hod = eval (argv[0])
met hod(i port)

reactor.stop()

if _nanme_ ="' _ min__':
op = GetBasi cOpt Parser ()
(options, args) = op.parse_args()
Set Up(opti ons)
kw = Get Port KWAr gs( opt i ons)
react or. cal | WhenRunni ng(mai n, *args, **kw)
reactor.run()

Note

Copy & Pasteto client.py, we'll add the missing sections below.

Invoking Get Resour cePr operty

XML Schema GetResourceProperty global element declaration(GED), itstype is QName. XML Schema
GetResourcePropertyResponse GED. It contains an element wildcard any, and the value of its maxOccurs
facet is unbounded.

<l-- ========== Message Types for GetResourceProperty ============ --

<xsd: el ement nane="Cet Resour ceProperty"
type="xsd: QNanme" />

<xsd: el ement nane="Cet Resour cePropert yResponse" >
<xsd: conpl exType>
<xsd: sequence>
<xsd:any m nQccurs="0" maxCccurs="unbounded" />
</ xsd: sequence>
</ xsd: conpl exType>
</ xsd: el enent >

def Get ResourceProperty(iport):
for i in range(10):
i port.add(CLI ENT. Addl nput Message(i))

i port.subtract (CLI ENT. Subt ract | nput Message(10))

msg = iport. Cet ResourceProperty(\“
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CLI ENT. Get Resour cePr opert yRequest (\

("http://ww. gl obus. or g/ nanespaces/ exanpl es/ cor e/
Mat hSer vi ce_i nst ance_r p", "Val ue"),

)
)

print "MSG ", nsg E‘l

print "PROPERTIES: ", nsg.Any
print "PROPERTY: ", nsg.Any[O0] Ei
print "CORRECT: ", nsg. Any[0] == sum(range(10)) - 10

% ./client.py -u http://127.0.0.1:9080/wsrf/services/MathService -d 0
Get Resour ceProperty

MBG
<pyG&i dWar e. gener at ed. t ypes. resour ceproperti es. Get Resour cePropert yResponse_Hol der
i nstance at 0x13480a8>

PROPERTI ES: [ 35]

PROPERTY: 35

CORRECT:  True

“ We first invoke the Get Resour ceProperty operation on our portType. Take into account
that, since our Mat hPor t Type portType extends from the standard Get Resour cePr operty
portType, our portType aso includes a Get Resour cePr opert 'y operation. The only parameter
we have to include is the QName, which is specified as a namespace name tuple, of the RP we want
toretrieve.

Thereturn value is of type Get Resour cePr opert yResponse, apython stub class.

We can access the RPs values from the Get Resour cePr opert yResponse python object.
The Get Resour cePr opert yResponse' s any wildcard element will contain zero, one, or
many RPs. The RP values are set at the _any python attribute name, but it's easier to use the
corresponding Any python property which works just like an attribute. Since the any element is
repeatabl e (maxOccurs="unbounded"), the attribute's value will be alist.

a
(3]

Invoking Set Resour cePr operti es to update

XML Schema Type Definiton and GED for Update and SetResourceProperties.

<xsd: conpl exType nanme="Updat eType" >
<xsd: sequence>
<xsd: any processContents="1ax"
m nCccurs="1" maxOccur s="unbounded" />
</ xsd: sequence>
</ xsd: conpl exType>
<xsd: el ement nane="Updat e"
type="wsr p: Updat eType"/ >

<xsd: el ement nanme="Set Resour ceProperties">
<xsd: conpl exType>
<xsd: choi ce m nCccurs="0" maxCccur s="unbounded" >
<xsd: el ement ref="wsrp:lnsert"/>
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<xsd: el ement ref="wsrp: Update"/>
<xsd: el ement ref="wsrp:Delete"/>
</ xsd: choi ce>
</ xsd: conpl exType>
</ xsd: el enment >

<xsd: el ement nane="Set Resour ceProperti esResponse” >
<xsd: conpl exType />
</ xsd: el enment >

Note

Replace test function and add a SetResourceProperties call

def Set ResourceProperties(iport):
i port.add( CLI ENT. AddI nput Message(111))

# Take the Val ue ResourceProperty and create a new i nstance

from
gener at ed. Mat hRPSer vi ce. properti es. Mat hServi ce. Mat hRPSer vi ce. Mat hPor t
i mport Mat hPort Type

properties = Mat hPort Type() i}
properties.Val ue = 100 Eg
req = CLI ENT. Set Resour ceProperti esRequest () E}

req. Update = [req. new _Update(), ] {}
req. Updat e[ 0] . Any = [properties. Val ue,] {3

snmeg = i port. Set ResourceProperties(req) {3

assert
("http://ww. gl obus. or g/ nanespaces/ exanpl es/ cor e/
Mat hServi ce_i nstance_rp", "Val ue") ==
(properties. Val ue. t ypecode. nspnane,
properties. Val ue. t ypecode. pnane), \
"Grab Val ue ResourceProperty GED s nanespace, nhane."
msg = i port. Get ResourceProperty(\
CLI ENT. Get Resour cePr opert yRequest (\
(properties. Val ue. t ypecode. nspnane,
properties. Val ue. t ypecode. pnane),

)
)

print "SetResourceProperties MSG ", smsg
print "PROPERTIES: ", msg.Any
print "CORRECT: ", nsg.Any[0] == 100
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% /client.py -u http://127.0.0.1:9080/ wsrf/services/MathService -d 0
Set Resour ceProperties

Set Resour ceProperties MG
<py& i dWar e. gener at ed. t ypes. resour ceproperti es. Set Resour ceProperti esResponse_Hol d
i nstance at 0x107d080>

PROPERTI ES: [100]

CORRECT:  True

Create an instance of the ResourceProperties we would like to remotely access.
Set the new Val ue. Thiswraps the integer in a serializable object.

Create a SetResourcePropertiesRequest object which will represents the
Set Resour ceProperti esRequest message specified in the WSDL. This abject can contain
insert, update, and delete actions.

Create a python object and set it in the Set Resour cePr operti es instance's_Updat e python
attribute to specify an update. TODO: Use new metaclass for pyclass to make this transparent once
I'm convinced it's stable.

Add the Value RP to the list of RP's to be updated.

Finally, we invoke Set Resour ceProperti es.

Qe © oee

Invoking Get Mul ti pl eResourceProperties
Note

Replace test function and add a GetM ultipleResourceProperties call

def GetMiltipl eResourceProperties(iport):
for i in range(10):
i port.add( CLI ENT. Addl nput Message(i))

req = CLIENT. Get Mul ti pl eResour cePropertiesRequest () 1]

req. ResourceProperty =
[("http://ww. gl obus. or g/ nanespaces/ exanpl es/ cor e/
Mat hServi ce_i nst ance_rp", "Val ue"),

("http://ww. gl obus. or g/ nanmespaces/ exanpl es/ cor e/
Mat hServi ce_i nstance_rp", "Last Op"), ] E*}

nsg = iport.GetMiltipl eResourceProperties(req) E}

print "MSG ", nsg

for any in nsg. Any: ﬂ
print "Resource Property(%) =

%any. class__,any

% ./client.py -u http://127.0.0.1:9080/wsrf/services/MathService -d 0
Get Mul ti pl eResour ceProperties

MSG
<pyG& i dWar e. gener at ed. t ypes. resour ceproperties. Get Mul ti pl eResour ceProperti esRespo
i nstance at 0x134a468>
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Resource Property(<cl ass
'py&i dWar e. gener at ed. t ypes. mat hservi cer p. _Val ue_i mmut abl e_hol der' >)

45

Resource Property(<cl ass
'py& i dWar e. gener at ed. t ypes. mat hservi cerp. _Last Op_i nmut abl e_hol der' >)

1]
a

ADDI TI ON

First, we need to create a Get Mul ti pl eResour ceProperti esRequest object that
represents the WSDL input message for the GetM ulti pleResourceProperties operation.

The local element Resour cePr operty is arepreatable QName type. Thus to specify the RPs
Val ue and Last Op, we need to append (namespace, name) tuples representing these GEDs. The
underlying architecture expects these tuples to bein alist because the maxCccur s facet is greater
than one.

Next, we invoke the Get Mul ti pl eResourceProperties. The return value is of a
Get Mul ti pl eResour ceProperti esResponse_Hol der instance, which represents the
WSDL output message for the GetM ultipleResourceProperties operation.

The RPsreturned are accessed through the Any python property (it wrapsthe _any python attribute),
whichisalist representing the <any> wildcard el ement (WS-ResourceProperties [http://docs.oasis-
open.org/wsrf/2004/06/wsrf-WS-ResourceProperties-1.2-draft-01.wsdl]). In  this example we
reguest and received two RPs. The RPs areinstances of ¢l ass _Val ue_i nmut abl e_hol der

and _Last Qp_i nmrut abl e_hol der.
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Chapter 6. Lifecycle Management

In this chapter we will see the two lifecycle management solutions offered by the WS-ResourceL ifetime
specification. Since lifecycle management mainly makes sense when we have severa resources, the
examples will focus on explaining what modifications are necessary to the example seen in ?2?? (the
factory/instance example).

Immediate destruction

Immediate destruction is the simplest type of lifecycle management. It allows usto request that aresource
be destroyed immediately by invoking adest r oy operation in the instance service. Notice how, even
though the factory service is responsible for creating the resources, destruction must be requested to each
individual resource through the instance service.

Overview: Directions to add immediate destruction to
our service

Note

The WSDL presented in the last section of this chapter describes a service with WS-
Resourcel ifetime properties. You can skip most of this section and just generate and install the
math service bindings. In this section | present ahigh level explanation of how to add immediate
destruction to the math service.

To add immediate destruction to our service, we need to add the standard WSRF
| mredi at eResour ceTer i nat i on portTypeto our servicethrough compositional inheritance. This
portType adds a Dest r oy operation to our portType that will instruct the current resource to terminate
itself immediately. In sum, we need to copy the WSRF | mmedi at eResour ceTer m nati on
portType Destr oy operation to the MathPortType and add a Destr oy binding operation to
MathBinding.

Note

Download the MathService [http://dsd.Ibl.gov/gtg/projects/pyGridWare/doc/downloads/
lifetime/MathL TServicewsdl] WSDL, it is aso a the end of this chapter. Then grab the
"MathService.rpy” from the last chapter. The WS-ResourceL ifetime operations are implemented
for us. This RPY script will work with one modification to an i nmport statement since the
directory structure of our generated code is alittle different. I'll accomplish this using sed.

% cd /tnmp/ Mat hLTSite
%curl -O
http://dsd. | bl.gov/gtg/ projects/pyGidware/ doc/ downl oads/|ifetimnme/
Mat hLTSer vi ce. wsdl
% wsdl 2web --script=client.py --rpy=Mat hService.rpy MathLTServi ce. wsdl

% grep Mat hLTServi ce servi ces/ Mat hServi ce. rpy
from generat ed. Mat hLTSer vi ce. servi ces. Mat hLTSer vi ce. Mat hSer vi ce i nport
Mat hSer vi ceWSRF
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% cat /tnp/ Mat hRPSi t e/ servi ces/ Mat hService.rpy | sed
s/ Mat hRPSer vi ce/ Mat hLTSer vi ce/ g > servi ces/ Mat hServi ce. r py

Generated WSRF Service: gener at ed/ Mat hLTSer vi ce/
servi ces/ Mat hLTSer vi ce/ Mat hSer vi ce. py

Note

This class has been generated for you. The WSRF operations specified in the WSDL definition
areimplemented in this layer.

cl ass Mat hServi ceWSRF( Mat hSer vi ce) :

def Get ResourceCont ext (ps, address):
"""get a resource context"""
return Manager Home. get | nst ance() . get Resour ceCont ext ( ps,
addr ess)
CGet Resour ceCont ext = staticnet hod( Get Resour ceCont ext)

def wsa_Destroy(self, ps, address, **kw): “

#htt p:// docs. oasi s- open. or g/ wsr f/ 2004/ 06/ wsr f - W5- Resour celLi feti ne-
1.2-draft-01. wsdl DestroyRequest
request, response = Mat hServi ce. wsa_Destroy(sel f, ps, address)

ctx = Mat hServi ceWSRF. Get Resour ceCont ext (ps, address) E}
| mredi at eResour ceTer mi nati on. Dest r oy(ct x) 'ﬂ

return request, response E

Fully functional WSRF Destroy operation, immediately destroystheinstance referenced by the EPR.
Call lower-level service binding stub to set up ther esponse andr equest python objects.
Retrieve the Resour ceCont ext of the service instance.

Request immediate destruction of the service instance.

eQee0oe

Return python object representing the WS-Resourcel ifetime [ http://docs.oasi s-open.org/wsrf/2004/
06/wsrf-WS-Resourcel ifetime-1.2-draft-01.wsdl] Message Dest r oyResponse

Sample Client

Note

Download:  client.py [http://dsd.Ibl.gov/gtg/projects/pyGridWare/doc/downloads/lifetime/
client.py]
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#!/usr/ bin/env python

HERHHHHH T H T H R H R H R H R
# Automatically generated by wsdl 2web. py

# See LBNLCopyright for copyright notice!

HERHHHHH T H T H T H R H R R
fromtw sted. python inmport |og

fromtw sted.internet inport reactor

i mport ZSl

frompyGidware. utility.scripts.client inport GetBasicOptParser
Cet Port KWArgs, Set Up

from gener at ed. Mat hLTSer vi ce. st ubs i nmport ©Mat hLTServi ce as CLI ENT

def main(**kw):
| ocat or = CLI ENT. Mat hSer vi ceLocat or () i}
port = | ocator.getMathPort (**kw) 2]

nsg = port.createResource(CLI ENT. Creat el nput Message()) (3]
i port =

| ocat or. get Mat hPort (endPoi nt Ref er ence=nmsg. Endpoi nt Ref erence, **kw) {}
i port.add(CLI ENT. Addl nput Message(100)) {3

i port. Destroy(CLI ENT. DestroyRequest()) {3
try:
i port.subtract (CLI ENT. Subtract| nput Message(99)) ii

except ZSl.fault.Fault, ex:
pass

reactor.stop()

print "EXCEPTION. ", ex.__class__ fj
print '\tcode -- ', ex.code
print '"\tstring -- ', ex.string
print '\targs -- ', ex.args
print '\tdetail -- ', ex.detail
print '"\tactor -- ', ex.actor
print '\theaderdetail -- ', ex.headerdetali
print
print "ZSlI Fault:\n", ex.detail[O0]
print

i f name ="' _ min__":

op = Cet Basi cOpt Par ser ()

(options, args) = op.parse_args()
Set Up(opti ons)

kw = Get Port KWAr gs( opti ons)
reactor. cal | WhenRunni ng(mai n, **kw)
reactor.run()
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Here we obtain a reference to a Mat hPor t Type instance. Notice the factory's URI, where the
service is located, and the WS-Addressing URI, which specifies the WS-Addressing version the
client should use.

Once we have the MathPortType, we use it to invoke the cr eat eResour ce operation. This
operation returns an endpoint reference, inside a Cr eat eResour ceResponse object. This
endpoint reference includes both the instance service's URI and the new resource's identifier. In the
next client we will take a peek inside the endpoint reference.

Call thecr eat eResour ce factory method, this returns a CreateOutputM essage instance.

The CreateOutputM essage contains an EPR, useit to obtain anew Mat hPor t Ty pe which will now
refer to the instance service.
Wenow usethei port toinvoke add, thisreturns successfully.

We now usethei port toinvokedest r oy, which immediately destroys the resource.

Any calls made by the i port will fail now since the resource has been destroyed. Invoking
subt r act fails, the server returns a SOAP Fault containing a WSRP ResourceUnknownFault [].
ZSl . faul t. Faul t, SOAP Fault Exception.

@ Q00 OO

Run the client:
Note

Make sure to start the server first...

% ./client.py -u http://127.0.0.1:9080/wsrf/services/MathService -d 0

EXCEPTION:  ZSI . faul t. Faul t

code -- (u http://schemas. xm soap. or g/ soap/ envel ope/ "',
u' Server')

string -- Processing Failure

ar gs -- ((u' http://schemas. xm soap. or g/ soap/ envel ope/ ",

u' Server'), u'Processing Failure', None, [>ZSI.fault.ZSlIFaultDetail
0140ech0<], None)

detail -- [>ZSl.fault.ZSIFaultDetail 0140ecb0<]
actor -- None
headerdetail -- None

ZSl Fault:

pyGidWare. wsrf.faults. PropertiesFaul ts: Resour ceUnknownFaul t
<pyGidwWare.wsrf.faults. PropertiesFaults. pyGidWare.wsrf.faults.PropertiesFaults.R
i nstance 16388a0

<ns2: Resour ceUnknownFaul t

xm ns: ns1="http://docs. oasi s- open. or g/ wsrf/ 2004/ 06/ wsr f - W5-
BaseFaul ts-1.2-draft-01. xsd"

xm ns: ns2="http://docs. oasi s- open. or g/ wsrf/ 2004/ 06/ wsr f - W5-
Resour ceProperties-1.2-draft-01. xsd"><ns1: Ti nestanp

xm ns: ns3="http://ww. w3. or g/ 2001/ XM_Schema"

xm ns: ns4="http://ww. w3. or g/ 2001/ XM_Schema- i nst ance"
ns4:type="ns3: dat eTi me" >2006- 04- 14T21: 27: 52Z</ ns1: Ti nest anp></
ns2: Resour ceUnknownFaul t >>

[trace:

/ User s/ bover hof / Deskt op/ Wor kspace/ Pyt hon/ zsi / ZSI / t wi st ed/
WEr esour ce. py: 341: render _POST
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/ User s/ bover hof / Deskt op/ Wor kspace/ Pyt hon/ zsi / ZSI / t wi st ed/

WEr esour ce. py: 254: processRequest

/ Li brary/ Framewor ks/ Pyt hon. f ramewor k/ Ver si ons/ 2. 4/ | i b/ pyt hon2. 4/ site-
packages/ pyG i dWare-1. 2. 0rc3-py2. 4. eqgg/ pyGidWare/ utility/ web/
resource. py: 77: processRequest

[private/tnp/ Mat hLTSi t e/ servi ces/ Mat hServi ce. rpy: 19: wsa_subtr act

[ private/tnp/ Mat hLTSi t e/ gener at ed/ Mat hLTSer vi ce/ servi ces/

Mat hLTSer vi ce/ Mat hSer vi ce. py: 19: Get Resour ceCont ext

[ private/tnp/ Mat hLTSi t e/ gener at ed/ Mat hLTSer vi ce/ r esour ce/

Mat hLTSer vi ce/ Mat hSer vi ce. py: 24: get Resour ceCont ext

/ Li brary/ Framewor ks/ Pyt hon. f ramewor k/ Ver si ons/ 2. 4/ | i b/ pyt hon2. 4/ site-
packages/ pyGi dWare-1. 2. Orc3- py2. 4. egg/ pyG i dWar e/ r esour ce/

Resour ceHone. py: 52: get ]

Whensubt r act isinvoked, the endpoint referencethat isinthecall to Get Resour ceCont ext refers
to aresource that no longer exists, thusaResour ceUnknownFaul t isthrown and returned in a SOAP
fault exception (ZSI . f aul t . Faul t) to the client.

Scheduled destruction

Schedul ed destruction isamore elaborate form of resourcelifecycle management, asit allows usto specify
exactly when we want the resource to be destroyed. The main application of scheduled destruction is to
perform lease-based lifecycle management, where we initially set the destruction time of aresource some
time in the future (for example, 5 minutes). This is called the lease. Our application must periodically
renew thelease (setting the destruction time another 5 minutesin thefuture), or theresourcewill eventually
be destroyed. This will allow our application to purge resources that for some reason (network failure,
programmer errors, etc.) have become unavailable (and therefore can't receive the |ease renewal).

Using scheduled destruction requires adding more code that immediate destruction because the
standard WSRF portType that provides scheduled destruction not only adds a new operation
(Set Term nati onTi ne) but also two new resource properties. TerninationTime and
Current Ti me.Ter mi nati onTi ne specifieswhen theresourceisset to be destroyed, and the val ue of
Cur r ent Ti me must always be the time in the machine that hosts the resource. This meansthat, not only
will we have to modify the WSDL file, we will also have to make sure those two new resource properties
are properly implemented in our resource class.

Overview: Directions to add scheduled destruction to
our service

Note

The WSDL presented in the last section of this chapter describes a service with WS
Resourcel ifetime properties. You can skip the next section, in which | present a high level
explanation of how to add scheduled destruction to the math service.

We need to add the standard WSRF Schedul edResour ceTer i nat i on portType to our service
through compositional inheritance. This portType adds a Set Ter ni nat i onTi ne operation to our
portType that will instruct the current resource to terminate itself at the specified time. In sum, we
need to add five things to our WSDL. First, copy the Schedul edResour ceTer mi nat i on portType
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Set Ter mi nati onTi nme operation to the MathPortType. Second, add a Set Ter mi nat i onTi ne
binding operation to MathBinding. Third, add a WSDL import for the WS-ResourceL ifetime [] WSDL.
Forth, add a XSD import for the WS-Resourcelifetime [] schema. Lastly, add the two global element
declarations compromising the Schedul edResour ceTer m nat i onRP Resource Property to the
MathResourceProperties element.

Note

Download: MathLTServicewsdl [http://dsd.Ibl.gov/gtg/projects/pyGridWare/doc/downloads/
lifetime/scheduled/MathL T Service.wsdl]

% curl -0O

http://dsd. | bl.gov/gtg/projects/pyGidware/ doc/ downl oads/|ifetine/
Mat hLTSer vi ce. wsdl
% wsdl 2web --force Mat hLTSer vi ce. wsdl

Generated Stub Service:
pyGridWare.generated.services.math.MathService

Note

This class has been generated for you.

cl ass Mat hServi ceWSRF( Mat hSer vi ce) :

def Get ResourceCont ext (ps, address):
"""get a resource context"""
return Manager Home. get | nst ance() . get Resour ceCont ext ( ps,
addr ess)
Get Resour ceCont ext = stati cnet hod( Get Resour ceCont ext)

def wsa_Set Term nationTi me(self, ps, address, **kw): “

#htt p://docs. oasi s- open. or g/ wsrf/ 2004/ 06/ wsr f - W5- Resour ceLi feti ne-
1.2-draft-01. wsdl SetTerm nationTi meRequest
request, response = Mat hServi ce. wsa_Set Term nati onTi ne(sel f,

ps, address) E

ctx = Mat hServi ceWSRF. Get Resour ceCont ext (ps, address) Ei
Schedul edResour ceTer nmi nati on. Set Ter mi nati onTi nme(ct x,

request. RequestedTerni nationTi ne) 'ﬂ
response. NewTermni nationTine =

time.gntine(ctx.getTerninationTime()) E
response. _CurrentTinme = tinme.gntime(tinme.tinme())

return request, response {3
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Fully functional WSRF SetTerminationTime operation. Schedules a service instance, referenced by
the EPR, for destruction.
Call lower-level service binding stub to set up ther esponse andr equest python objects.

Retrieve the Resour ceCont ext of the serviceinstance.
Schedul e the destruction of the service instance represented by the Resour ceCont ext .

Qo0 @

Ther esponse variableisan instance of the generated classSet Ter i nat i onTi neResponse
representing the WSDL SetTerminationTimeResponse Message. The attributes representing the
NewTer i nat i onTi me and Cur r ent Ti me need to be set before returning this "message” to
the client.

(3 Retun python object representing the WS-Resourcel ifetime [ http://docs.oasi s-open.org/wsrf/2004/
06/wsrf-WS-Resourcel ifetime-1.2-draft-01.wsdl] Message Set Ter ni nat i onTi neResponse

client_set_termination_time.py

We will test our service by creating a new resource, setting its termination 10 seconds in the future, and
then checking every second to see if the resourceiis still 'alive’. When the resource is terminated, any call
to the resource will produce an exception. Like theimmediate destruction client, thisclient issimilar to the
simple client seenin ????. The following is the code that we will run after the resource has been created:

Note

Download: client_set_termination_time.py [http://dsd.Ibl.gov/gtg/projects/pyGridWare/doc/
downloads/lifetime/scheduled/client_set termination_time.py]

#!/usr/ bin/env python

HERHHHHH T R
# Automatically generated by wsdl 2web. py

# See LBNLCopyright for copyright notice!

HERHHHHH
fromtw sted. python inmport |og

fromtw sted.internet inmport reactor

i mport ZSl

frompyGidware. utility.scripts.client inport GetBasicOptParser,
Cet Port KWAr gs, Set Up

from generat ed. Mat hLTSer vi ce. st ubs i nport MathLTServi ce as CLI ENT

def mai n(**kw):
i mport tine

| ocat or = CLI ENT. Mat hSer vi ceLocat or () “
port = | ocator.getMathPort (**kw) (2]

nsg = port.createResource(CLI ENT. Creat el nput Message()) (3]
print 'Created instance.'

i port =
| ocat or. get Mat hPor t (endPoi nt Ref er ence=nsg. Endpoi nt Ref erence, **kw) 'ﬂ

request = CLIENT. Set Ter mi nati onTi neRequest ()

75


http://docs.oasis-open.org/wsrf/2004/06/wsrf-WS-ResourceLifetime-1.2-draft-01.wsdl
http://docs.oasis-open.org/wsrf/2004/06/wsrf-WS-ResourceLifetime-1.2-draft-01.wsdl
http://docs.oasis-open.org/wsrf/2004/06/wsrf-WS-ResourceLifetime-1.2-draft-01.wsdl
http://dsd.lbl.gov/gtg/projects/pyGridWare/doc/downloads/lifetime/scheduled/client_set_termination_time.py
http://dsd.lbl.gov/gtg/projects/pyGridWare/doc/downloads/lifetime/scheduled/client_set_termination_time.py
http://dsd.lbl.gov/gtg/projects/pyGridWare/doc/downloads/lifetime/scheduled/client_set_termination_time.py

Lifecycle Management

startTime = tine.tine()
ternTine = startTine + 10

request. RequestedTerm nationTinme = termli ne 'E

nsg = i port. SetTerni nationTi ne(request) {3

print 'Local Tinge'

print 'Start Tine ', time.strftime(’ %',
time.localtinme(startTine))

print 'Requested termination tine ', tine.strftine(' %",
time.localtinme(terniine))

print

print 'UTC Tupl es'
print 'RequestedTerm nationTinme ',
time.gntine(request. RequestedTerm nati onTi ne)

print ' NewTerm nationTi ne ', nsg. NewTer ni nati onTi ne
print 'CurrentTine ', nmsg.CurrentTime

print

try:

for i in range(l, 20):

i port.add(CLI ENT. Addl nput Message(1)) 'ﬂ
time.sleep(startTime + i - time.time())
print 'Second %' %

except ZSl.fault.Fault: @
print 'resource has been destroyed: ', tinme.strftinme(' %',
time.localtinme())
el se:
print 'ERROR

reactor.stop()

if name_ =="'_ min__':
op = GetBasi cOpt Parser ()
(options, args) = op.parse_args()
Set Up(opti ons)
kw = Get Port KWAr gs( opt i ons)
react or. cal | WhenRunni ng( mai n, **kw)
reactor.run()

Here we obtain a reference to a Mat hPor t Type instance. Notice the factory's URI, where the
service is located, and the WS-Addressing URI, which specifies the WS-Addressing version the
client should use.

Once we have the MathPortType, we use it to invoke the cr eat eResour ce operation. This
operation returns an endpoint reference, inside a Cr eat eResour ceResponse object. This
endpoint reference includes both the instance service's URI and the new resource's identifier. In the
next client we will take a peek inside the endpoint reference.

Cadll the cr eat eResour ce factory method, this returns a CreateOutputM essage instance.

e

The CreateOutputM essage contains an EPR, useit to obtain anew Mat hPor t Ty pe which will now
refer to the instance service.
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6

(3 Wenowuse thei port toinvoke Set Ter mi nati onTi me, which schedules the destruction of
the resource.

(7] Invoke the add operation with i por t until the the server returns a SOAP Fault containing a WSRP
ResourceUnknownFault [].

8] ZS| . faul t. Faul t, SOAP Fault Exception contains a ResourceUnknownFault, it has been
destroyed.

Run the client:

Note

Make sure to start the server first...

% ./client_set _termination_tinme.py -u
http://127.0.0.1: 9080/ wsrf/services/MathService -d 0
Created instance.

Local Tine

Start Tinme Fri Apr 14 14:49: 44 2006
Requested termination tinme Fri Apr 14 14:49:54 2006

UTC Tupl es

Request edTermi nati onTime (2006, 4, 14, 21, 49, 54, 4, 104, 0)
NewTer m nati onTi ne (2006, 4, 14, 21, 49, 54, 0, 0, 0)
Current Ti ne (2006, 4, 14, 21, 49, 43, 0, 0, 0)
Second 1

Second 2

Second 3

Second 4

Second 5

Second 6

Second 7

Second 8

Second 9

Second 10

Second 11

Second 12

"HTTP Error 500
resource has been destroyed: Fri Apr 14 14:49:56 2006

Immediate and Scheduled Termination
MathService WSDL

Note

Download: MathLTServicewsdl [http://dsd.Ibl.gov/gtg/projects/pyGridWare/doc/downloads/
lifetime/MathL T Service.wsdl]

<?xm version="1. 0" encodi ng="UTF-8"?>
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<defi ni ti ons nane="Mat hServi ceRP"

t ar get Namespace="ht t p: / / ww. gl obus. or g/ namespaces/ exanpl es/ cor e/
Mat hSer vi ce_i nstance_r p"
xm ns="http://schemas. xm soap. or g/ wsdl /"

xm ns:tns="http://ww. gl obus. or g/ nanespaces/ exanpl es/ cor e/
Mat hSer vi ce_i nstance_r p"
xm ns:wsdl ="http://schemas. xm soap. org/ wsdl /"

xm ns: wsrp="http://docs. oasi s-open. or g/ wsrf/ 2004/ 06/ wsr f - W5-
Resour ceProperties-1.2-draft-01. xsd"

xm ns: wsrpw="http://docs. oasi s-open. org/ wsrf/ 2004/ 06/ wsrf - \5-
Resour ceProperties-1.2-draft-01. wsdl"

xm ns:wsrlw="http://docs. oasi s-open. org/ wsrf/ 2004/ 06/ wsrf - W\5-

ResourceLifetine—1.2—draft—01.msdl"i}
xm ns: soap="http://schenmas. xn soap. or g/ wsdl / soap/"
xm ns: wsa="http://schenas. xm soap. or g/ ws/ 2004/ 03/ addr essi ng"
xm ns: xsd="htt p://ww. w3. or g/ 2001/ XM_Schena" >

<wsdl : i nport
nanespace=

"http://docs. oasi s-open. or g/ wsrf/ 2004/ 06/ wsrf - WS- Resour ceProperties-
1.2-draft-01. wsdl"

| ocation="http://docs. oasi s-open. or g/ wsr f/ 2004/ 06/ wsr f - W5-
ResourceProperties-1.2-draft-01.wsdl" />

<wsdl : i nport 2]

nanespace=
"http://docs. oasi s-open. org/ wsrf/ 2004/ 06/ wsr f - Ws- Resour celLi f eti nme-
1.2-draft-01. wsdl"

| ocation="http://docs. oasi s-open. or g/ wsrf/ 2004/ 06/ wsr f - W5-
ResourceLifetinme-1.2-draft-01.wsdl" />

<types>

<xsd: schenmn

t ar get Namespace="htt p: // ww. gl obus. or g/ nanespaces/ exanpl es/ cor e/
Mat hSer vi ce_i nstance_rp"
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xm ns:tns="http://ww. gl obus. or g/ nanespaces/ exanpl es/ cor e/
Mat hSer vi ce_i nstance_r p"
xm ns: wsa="http://schemas. xm soap. or g/ ws/ 2004/ 03/ addr essi ng"

xm ns:wsrl ="http://docs. oasi s-open. or g/ wsrf/ 2004/ 06/ wsr f - W5-
ResourceLifetinme-1.2-draft-01. xsd"
xm ns: xsd="http://ww. w3. or g/ 2001/ XM_Schema" >

<l-- | MPORT WS- ADDRESSI NG - - >
<xsd: i nport
nanespace="htt p://schemas. xm soap. or g/ ws/ 2004/ 03/ addr essi ng"

schemaLocati on="http://schemas. xm soap. or g/ ws/ 2004/ 03/ addr essi ng"/ >
<l-- | MPORT W5-ResourceLifetime schemas -->

<xsd: i nport
nanespace="htt p://docs. oasi s-open. or g/ wsrf/ 2004/ 06/ wsr f - W5-

ResourceLi feti me-1.2-draft-01. xsd" E}

schemalLocati on="http://docs. oasi s- open. or g/ wsrf/ 2004/ 06/ wsr f - W&~
Resour ceLifetime-1.2-draft-01. xsd"/>

<! -- REQUESTS AND RESPONSES - ->

<xsd: el enent nane="add" type="xsd:int"/>
<xsd: el enrent nane="addResponse" >

<xsd: conpl exType/ >
</ xsd: el emrent >
<xsd: el enent nane="subtract" type="xsd:int"/>
<xsd: el emrent nane="subtract Response" >

<xsd: conpl exType/ >
</ xsd: el emrent >

<xsd: el ement nanme="create">
<xsd: conpl exType/ >
</ xsd: el emrent >
<xsd: el enent name="cr eat eResponse" >
<xsd: conpl exType>
<xsd: sequence>
<xsd: el enment ref="wsa: Endpoi nt Ref erence"/ >
</ xsd: sequence>
</ xsd: conpl exType>
</ xsd: el emrent >

<l-- Mat hServi ce Resource Properties -->

<xsd: el enrent nanme="Val ue" type="xsd:int"/>

<xsd: el enrent nane="Last Op" type="xsd:string"/>

<xsd: el enent nane="NMat hResour ceProperties">
<xsd: conpl exType>
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<xsd: sequence>
<xsd: el enent
<xsd: el enent

<xsd: el enent

ref="wsrl:CurrentTi ne"/> {}

ref ="wsrl: Term nati onTi ne"/> {3

<xsd: el enent

</ xsd: sequence>

</ xsd: conpl exType>

</ xsd:

</ xsd: schena>
</types>

el ement >

ref="tns: Val ue"/ >
ref ="tns: Last Op"/ >

maxCccur s="1" m nCccurs="1"

maxQccur s="1" m nCccur s="1"

<nessage name=

<part
</ message>

<nessage nhame="AddQut put Message" >
el ement ="t ns: addResponse"/ >

<part
</ message>

" AddIl nput Message" >
name="par anet ers"

name="par anet ers"

el ement ="t ns: add"/ >

<nessage hame="Subtract| nput Message" >

<part
</ message>

name="par anet ers"

el ement="tns: subtract"/>

<nmessage hame="Subt ract Qut put Message" >

<part
</ message>

name="par anet ers"

el ement ="t ns: subtract Response"/ >

<nessage nanme="Creat el nput Message" >

<part
</ message>

name="par anet ers"

el ement="tns:create"/>

<nessage name="Creat eQut put Message" >

<part
</ message>

name="par anet ers"

el ement ="t ns: cr eat eResponse"/ >

<port Type nane="Mat hPort Type"
wsr p: Resour ceProperties="tns: Mat hResour ceProperties">

<operation nanme="add">
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<i nput nessage="tns: Addl nput Message"/ >
<out put message="tns: AddCut put Message"/ >
</ oper ati on>

<operation name="subtract">

<i nput nessage="tns: Subtract | nput Message"/ >
<out put message="tns: Subtract Cut put Message"/ >
</ oper ati on>

<oper ati on name="cr eat eResource" >

<i nput nessage="tns: Creat el nput Message”/ >
<out put message="tns: Cr eat eQut put Message”/ >
</ oper ati on>

<I-- WS- ResourceProperties operations -->
<oper ati on name="Cet Resour ceProperty">
<i nput nane="Get Resour cePropertyRequest™
message="wsr pw. Get Resour cePr opert yRequest"

wsa: Action="http://docs. oasi s-open. org/ wsrf/ 2004/ 06/ wsrf - W\5-
Resour ceProperti es/ Get Resour ceProperty”/ >
<out put name=" CGet Resour cePr opertyResponse"
message="wsr pw. Get Resour cePr opert yResponse"

wsa: Action="http://docs. oasi s-open. org/ wsrf/ 2004/ 06/ wsrf - W\5-
Resour ceProperti es/ Get Resour cePr opert yResponse"/ >
<fault nane="Inval i dResour cePropertyQ\anmeFaul t"
message="wsr pw. | nval i dResour cePr opert yQNaneFaul t "/

<faul t name="Resour ceUnknownFaul t"
message="wsr pw. Resour ceUnknownFaul t "/ >
</ oper ati on>

<operation name="CGet Mul ti pl eResour ceProperties”">
<i nput nane="Get Mul ti pl eResour ceProperti esRequest™
message="wsr pw. Get Mul ti pl eResour ceProperti esRequest”
wsa: Action="http://docs. oasi s-open. org/ wsrf/ 2004/ 06/ wsrf - W\5-
Resour ceProperties/ Get Mul ti pl eResour ceProperties"/>
<out put name="Cet Mul ti pl eResour ceProperti esResponse”
message="wsr pw. Get Mul ti pl eResour ceProperti esResponse”
wsa: Action="http://docs. oasi s-open. org/ wsrf/ 2004/ 06/ wsrf - W\5-
Resour ceProperties/ Get Mul ti pl eResour ceProperti esResponse”/ >
<fault nane="Inval i dResour cePropertyQanmeFaul t"
message="wsr pw. | nval i dResour cePr opertyQNaneFaul t "/ >
<faul t name="Resour ceUnknownFaul t"
message="wsr pw. Resour ceUnknownFaul t "/ >
</ oper ati on>

<oper ati on name="Set Resour ceProperties">
<i nput nane="Set Resour ceProperti esRequest™
message="wsr pw. Set Resour ceProperti esRequest” wsa: Action="http://
docs. oasi s- open. or g/ wsr f/ 2004/ 06/ wsr f - W5- Resour cePr operti es/
Set Resour ceProperties"/>
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<out put name="Set Resour ceProperti esResponse”
message="wsr pw. Set Resour ceProperti esResponse” wsa: Action="http://
docs. oasi s- open. or g/ wsr f/ 2004/ 06/ wsr f - W5- Resour cePr operti es/
Set Resour ceProperti esResponse"/ >
<fault nane="Inval i dResour cePropertyQ\anmeFaul t"
message="wsr pw. | nval i dResour cePr operty(QNaneFaul t "/ >
<fault nane="Unabl eToModi f yResour cePropertyFaul t"
nmessage="wsr pw. Unabl eToMbdi f yResour cePropertyFaul t"/ >
<fault nane="Set Resour cePropertyRequest Fai | edFaul t"
nmessage="wsr pw. Set Resour cePr opert yRequest Fai | edFaul t "/ >
<faul t name="Resour ceUnknownFaul t"
message="wsr pw. Resour ceUnknownFaul t "/ >
<fault nane="Inval i dSet Resour ceProperti esRequest Cont ent Faul t"
message="wsr pw. | nval i dSet Resour cePr operti esRequest Cont ent Faul t "/ >
</ oper ati on>

<oper ati on name="Quer yResourceProperties">

<i nput nane="Quer yResour cePropertiesRequest”
message="wsr pw. Quer yResour ceProperti esRequest” wsa: Action="http://
docs. oasi s- open. or g/ wsr f/ 2004/ 06/ wsr f - W5- Resour cePr operti es/
Quer yResour ceProperties"/>

<out put name="Quer yResour ceProperti esResponse”
message="wsr pw. Quer yResour cePr operti esResponse” wsa: Action="http://
docs. oasi s- open. or g/ wsr f/ 2004/ 06/ wsr f - W5- Resour cePr operti es/
Quer yResour ceProperti esResponse"/ >

<fault nane="UnknownQuer yExpressi onDi al ect Faul t"
message="wsr pw. UnknownQuer yExpr essi onDi al ect Faul t"/ >

<fault nane="Inval i dResour cePropertyQanmeFaul t"
message="wsr pw. | nval i dResour cePr operty(QNaneFaul t "/ >

<fault nane="QueryEval uati onErrorFault”
message="wsr pw. Quer yEval uati onErrorFaul t"/>

<fault nane="Inval i dQueryExpressi onFault"
message="wsr pw. | nval i dQuer yExpr essi onFaul t"/ >

<faul t name="Resour ceUnknownFaul t"
message="wsr pw. Resour ceUnknownFaul t "/ >

</ oper ati on>

<I-- W5-Resourcelifetine operations -->
<l-- Schedul edResourceTerm nation -->

<wsdl : operati on nane="Set Term nati onTi ne"> {3
<wsdl : i nput nessage="wsrl w Set Term nati onTi neRequest "

wsa: Action="http://docs. oasi s-open. org/ wsrf/ 2004/ 06/ wsr f - W5-
Resour ceLi feti me/ Set Ter mi nati onTi me"/ >
<wsdl : out put nessage="wsr| w. Set Ter m nati onTi neResponse"

wsa: Action="http://docs. oasi s-open. org/ wsrf/ 2004/ 06/ wsr f - W5-
Resour celLi feti nme/ Set Term nati onTi mreResponse"/ >
<wsdl : faul t
nmessage="wsr | w. Unabl eToSet Ter m nati onTi neFaul t"
name="Unabl eToSet Ter m nati onTi meFaul t"/ >

82



Lifecycle Management

<wsdl : fault nessage="wsr| w Resour ceUnknownFaul t"
name="Resour ceUnknownFaul t "/ >
<wsdl : faul t
message="wsr| w. Ter m nati onTi nreChangeRej ect edFaul t"
nanme="Ter m nat i onTi meChangeRej ect edFaul t "/ >
</ wsdl : oper ati on>

<l-- | nmedi at eResourceTerm nation -->

<wsdl| : operati on nanme="Destroy"> ii
<wsdl : i nput nessage="wsr| w: Dest r oyRequest "

wsa: Action="http://docs. oasi s-open. org/ wsrf/ 2004/ 06/ wsr f - W5-
Resour celLi feti me/ Destroy"/>
<wsdl : out put nessage="wsr| w. Dest r oyResponse"

wsa: Action="http://docs. oasi s-open. org/ wsrf/ 2004/ 06/ wsr f - W5-
Resour celLi f eti me/ Destr oyResponse"/ >
<wsdl : faul t
nmessage="wsr | w. Resour ceNot Dest royedFaul t"
nanme=" Resour ceNot Dest r oyedFaul t"/ >
<wsdl : fault nessage="wsr| w. Resour ceUnknownFaul t"
name="Resour ceUnknownFaul t "/ >
</ wsdl : operati on>

</ port Type>

<bi ndi ng name="Mat hBi ndi ng" type="Mat hPort Type" >
<soap: bi ndi ng styl e="docunent"
transport="http://schemas. xnl soap. org/ soap/ http"/>

<wsdl : operati on name="add" >
<soap: operation soapAction=""/>
<wsdl : i nput >
<soap: body use="literal"/>
</ wsdl : i nput >
<wsdl : out put >
<soap: body use="literal"/>
</ wsdl : out put >
</ wsdl : operati on>

<wsdl : operati on name="subtract">
<soap: operation soapAction=""/>
<wsdl : i nput >
<soap: body use="literal"/>
</ wsdl : i nput >
<wsdl : out put >
<soap: body use="literal"/>
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</ wsdl : out put >
</ wsdl : oper ati on>

<wsdl : operati on name="cr eat eResource" >
<soap: operation soapAction=""/>
<wsdl : i nput >
<soap: body use="literal"/>
</ wsdl : i nput >
<wsdl : out put >
<soap: body use="literal"/>
</ wsdl : out put >
</ wsdl : oper ati on>

<wsdl| : operati on name="Cet Resour ceProperty">
<soap: operati on soapAction=""/>
<wsdl : i nput >
<soap: body use="literal"/>
</ wsdl : i nput >
<wsdl : out put >
<soap: body use="literal"/>
</ wsdl : out put >
</ wsdl : oper ati on>

<wsdl : operati on name="Cet Mul ti pl eResour ceProperties”">
<soap: operation soapAction=""/>
<wsdl : i nput >
<soap: body use="literal"/>
</ wsdl : i nput >
<wsdl : out put >
<soap: body use="literal"/>
</ wsdl : out put >
</ wsdl : oper ati on>

<wsdl : operati on name="Set Resour ceProperties">
<soap: operation soapAction=""/>
<wsdl : i nput >
<soap: body use="literal"/>
</ wsdl : i nput >
<wsdl : out put >
<soap: body use="literal"/>
</ wsdl : out put >
</ wsdl : oper ati on>

<wsdl : operati on name="Quer yResour ceProperties">
<soap: operation soapAction=""/>
<wsdl : i nput >
<soap: body use="literal"/>
</ wsdl : i nput >
<wsdl : out put >
<soap: body use="literal"/>
</ wsdl : out put >
</ wsdl : oper ati on>
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<wsdl : operati on nane="Set Term nati onTi ne"> fj

<soap: operation soapAction=""/>
<wsdl : i nput >
<soap: body use="literal"/>
</ wsdl : i nput >
<wsdl : out put >
<soap: body use="literal"/>
</ wsdl : out put >
</ wsdl : operati on>

<wsdl| : operati on nanme="Destroy">
<soap: operation soapAction=""/>
<wsdl : i nput >
<soap: body use="literal"/>
</ wsdl : i nput >
<wsdl : out put >
<soap: body use="literal"/>
</ wsdl : out put >
</ wsdl : operati on>

</ bi ndi ng>

<servi ce nane="Mat hService">
<port nane="Mat hPort" bi ndi ng="Mat hBi ndi ng" >
<soap: address |l ocation="http://| ocal host: 8080/ wsrf/services/"/>
</ port >
</ service>

</ definitions>
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Chapter 7. Notifications

In this chapter we will introduce the concepts of not i fi cat i on, acommon design pattern that allows
clients to be notified when interesting events happen in a server. In particular, we will focus on WS-
Notifications, a family of specification that allow us to use this design pattern with Web Services. Then,
we will see two examples of how we can use notificationsin our services.

What are notifications?

Notifications are nothing new. It'savery popular software design pattern, although you might know it with
a different name such as Observer/Observable. Let's suppose that our software had several distinct parts
(e.g. aGUI and the application logic, a client and a server, etc.) and that one of the parts of the software
needs to be aware of the changes that happen in one of the other parts. For example, the GUI might need
to know when avalueis changed in adatabase, so that the new valueisimmediately displayed to the user.
Taking this to the client/server world is easy: suppose a client needs to know when the server reaches a
certain state, so the client can perform a certain action.

The most crude approach to keep the client informed is a polling approach. The client periodically polls
the server (asksiif there are any changes). For example, let's suppose a client applications wants to know
when the load of a server drops below 50%. The server is called the producer of events (in this case, the
event is adrop in the server load). The client, on the other hand, is called the consumer of events. The
polling approach would go like this:

Figure 7.1. Keeping track of changesusing polling

TIME
Is the system load

less than 50%7

Ne

Is the system load
less than 50%7

|

Mo

Consumer Producer
Is the system load

less than 50%7?

Mo

Is the system |load
less than 50%7

-

' YES

1. The consumer asks the producer if there are any changes. The producer replies "No", so the consumer
waits a while before making another call.

2. Once again, the consumer asksthe producer if there are any changes. The producer replies"Nao", so the
consumer waits a while before making another call.
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3. Asyou can seg, this step can be repeated ad nauseam until the server finally replies that there has been
achange.

This approach isn't very efficient, specialy if you consider the following:
* |If the time between callsis very small, the amount of network traffic and CPU use increases.

» There can be more than one consumer. If we have dozens of consumers, waiting for an event to happen,
then the producer could get saturated with calls asking it if there are any changes.

The answer to thisproblem is actually terribly simple (and common sense). Instead of periodically asking
the producer if there are any changes, we make an initial call asking the producer to notify the consumer
whenever a certain event occurs. Thisis the notification approach.

Figure7.2. Keeping track of changes using notifications

TIME
Motify me when the system
load is less than 50%
L
Consumer Producer
g
" The system load is
less than 50%

1. Theconsumer asksthe producer to notify him as soon asthe server |oad drops bel ow 50%. The producer
keepsalist of all itsregistered consumers. This step is normally called the subscription or registration

step.
2. The consumer and the producer go about their business until the server load drops below 50%.

3. Once the server load drops below 50%, the producer notifies all its consumers (remember, there can
be more than one) of that event.

As you can see, this approach is much more efficient (in this ssimple example, network traffic has been
dliced in half with respect to the polling approach).

WS-Notifications

The WS-Natifications family of specifications, although not a part of WSRF, has strong ties to it.
It provides a set of standard interfaces to use the notification design pattern with Web Services.
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WS-Natifications is divided into three specifications. WS-Topics, WS-BaseNatification, and WS-
BrokeredNotification.

WS-Topics

First of all, we have topics, which are used by the other two specifications in WS-Notifications to present
aset of "items of interest for subscription”. Aswe will see next, a service can publish a set of topics that
clients can subscribe to, and receive a notification whenever the topic changes. Topics are very versdtile,
as they even allow us to create topic trees, where a topic can have a set of child topics. By subscribing
to atopic, a client automatically receives notifications from all the descendant topics (without having to
manually subscribe to each of them).

WS-BaseNotification

This specification defines the standard interfaces of notification consumers and producers. In a nutshell,
notification producers have to expose a subscribe operation that notification consumers can use to request
a subscription. Consumers, in turn, have to expose a notify operation that producers can use to deliver
the notification. Furthermore, the client actually requesting the subscription need not necessarily be the
consumer of those notifications. In other words, clients can perform subscriptions "on behalf of other
notification consumers”.

Figure 7.3. A WS-Notification interaction where the subscriber and the consumer
aredifferent entities
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Topic: Topic:
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{
3 notify
Consumer Producer
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Figure 7.3, “Another typica WS-Natification interaction” shows an example interaction between a
notification consumer and producer, in the simple case when the subscriber and consumer are the same
entity. In this example we have a single natification consumer, and a single notification producer that
publishes two topics: Syst enlLoadHi gh and Syst enfaul t.

1. First of all, the notification consumer subscribes himself to the Syst enloadHi gh topic. It is
interesting to note that, internally, a Subscri pt i on resource is created with information regarding
the subscription (not shown in the figure).

2. Next, at some point in time, something happens in the notification producer that must trigger a
notification fromthe Syst emLoadHi gh topic. For example, we might have implemented our service
to send out a notification every time the system load passes from "more than 50%" to "less than 50%".

3. The notification producer delivers the notification to the consumer by invoking thenot i f y operation
in the consumer. As shown in the figure, this notification delivery is tied to the topic that triggered
the notification.

Figure 7.4. A WS-Notification interaction where the subscriber and the consumer
aredifferent entities

[’ Topic: ““-l [ Topic:
SystemLoadHigh . \Systn_emFault /

-

subscribe Aﬁ
service A notify i
> . Subscriber

Producer | (Service A)

Subscriber

Figure 7.4, “ Another typical WS-Notification interaction”, on the other hand, shows how the subscriber
and the consumer need not be the same entity. In the figure, the subscriber requests the producer that
Service A besubscribedtothe Syst enlL.oadHi gh topic. When anatification istriggered, the notification
is sent to Service A (the consumer) not to the subscriber.

WS-BrokeredNotification

In brokered notifications we consider the case when notifications are delivered from the producer to the
consumer through an intermediate entity called the broker. The WS-BrokeredNotification defines the
standard interfaces for the notification broker.

AsshowninFigure7.5,"A typical brokered WS-Notification interaction”, in the presence of anotification
broker, the producer must register with the broker and publish its topics there. The subscriber (separate
from the consumer in this case), must aso subscribe through the broker, not directly with the producer.
Finally, when anotification is produced, it is delivered to the consumer through the broker.
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Figure 7.5. A typical brokered WS-Notification interaction
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Notifications in GT4

GT4 currently doesn't implement the WS-Notifications family of specifications completely. For example,
no support for brokered notification isincluded. However, GT4 does allow us to perform effective topic-
based notification. One of the more interesting parts of the GT4 implementation of WS-Notifications is
that it will allow us to effortlessly expose a resource property as a topic, triggering a notification each
time the value of the RP changes. We will also be able to define our own topics, which need not trigger
a notification every single time the value of an RP changes. In the remainder of the chapter, we will see
how we can add both types of topicsto our service.

Notifying changes in a resource property

We will see how we can add notifications to a service so clients can be notified each time a certain
RP is modified. As we did in ???? and ????, our example will be based, for simplicity, on the
Si mpl eResour ceHone resource home.

Create a New Site with a NotificationProducer Service

Our portType will need to extend from a standard WS-Notifications portType called
Noti fi cationProducer, which exposes a Subscri be operation that consumers can use
to subscribe themselves to a particular topic. Since this examples takes an existing resource
property and exposes it as a topic, no additional WSDL code is required beyond extending the
Noti fi cati onProducer portType.

Note

Download the MathNPServicewsdl  [http://dsd.Ibl.gov/gtg/projects/pyGridWare/doc/
downloads/notification/MathNPService.wsdl], it is aso at the end of this chapter.

% nmkdir /tnp/ Mat hNPSi t e
% cd /tnp/ Mat hNPSi t e
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%curl -0O
http://dsd. | bl.gov/gtg/ projects/pyGidware/ doc/ downl oads/

noti fi cati on/ Mat hNPSer vi ce. wsdl

% wsdl 2web --script=notification_client.py --rpy=MathService.rpy
Mat hNPSer vi ce. wsdl

% cat /tnp/ Mat hLTSi t e/ servi ces/ Mat hService.rpy | sed
s/ Mat hLTSer vi ce/ Mat hNPSer vi ce/ g > servi ces/ Mat hServi ce. r py

Note
Site isfinished!

Generated WSRF Service: class MathServiceWSRF
Generated WSRF Service: class M athServiceW SRF

class MathServiceWSRF has been generated for you, it implements the WS-BaseNotification
NotificationProducer operations. Module path is
gener at ed. Mat hNPSer vi ce. ser vi ces. Mat hNPSer vi ce. Mat hSer vi ce. Mat hSer vi ceWBRF.

cl ass Mat hServi ceWSRF( Mat hSer vi ce) :

def Get ResourceCont ext (ps, address):
get a resource context"""
return Manager Home. get | nst ance() . get Resour ceCont ext ( ps,
addr ess)
Get Resour ceCont ext = stati cnet hod( Get Resour ceCont ext)

def wsa_Subscri be(self, ps, address, **kw): “

#htt p:// docs. oasi s- open. or g/ wsn/ 2004/ 06/ wsn- W5- BaseNot i fi cati on- 1. 2-
draft-01. wsdl SubscribeRequest
request, response = Mat hServi ce. wsa_Subscri be(sel f, ps,

addr ess) E

ctx = sel f. Get ResourceCont ext (ps, address) E}

assert
Subscri pti onManager. _islnstantiated(), "SubscriptionManager is not
i nstanti at ed"

manager = Subscri pti onManager. getlnstance() 'ﬂ
response. _Subscri pti onRef erence = manager. subscri be(request,

ct x) E

return request,response 6]
Subscribe to Notifications via the SubscriptionM anager/Notifi cationProducer

instances.

@ Call lower-level servicebinding stubtoreturn Subscr i beRequest andSubscri beResponse
E} Retrieve the Resour ceCont ext of the serviceinstance.
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.ﬂ Retrievethe Subscri pti onManager Singleton.

.E Usethe Subscri pti onManager to subscribe, returning an endpoint reference which is used as
the Subscri pti onRef er ence.
(3 Retun python object representing the Subscr i beResponse

Using the NotificationConsumer Client

Note

Download: notification client.py [http://dsd.Ibl.gov/gtg/projects/pyGridWare/doc/downloads/
notification/notification_client.py]

#!/ usr/ bin/env python

HERHHHHH TR HH TR H T H R H R H R H R R
# Automatical ly generated by wsdl 2web. py

# See LBNLCopyright for copyright noticel

HERHHHHH TR H TR H T H TR H R H R R R
fromtw sted. python inport |og

fromtw sted.internet inport reactor

i mport ZSl

fromZSl.fault inport Fault

frompyGidWare. utility.scripts.client inmport GetBasicOptParser,
Get Port KWAr gs, Set Up

frompyGidWare.wsrf.notification inport SubscribeUtility
frompyGidWare. wsrf.notification.NotificationConsunmer inport \
Noti fi cati onConsumer, NotificationConsuner Service

frompyGidWare. wsrf.faults. PropertiesFaults inport
Resour ceUnknownFaul t

from gener at ed. Mat hNPSer vi ce. st ubs i nport Mat hNPServi ce as CLI ENT

def failure(iport):
print "Attenpt to access Destroyed Resource"”
try:
nsg = iport.add(CLI ENT. Addl nput Message(1))
except Fault, ex:

print "RESOURCE DESTROYED..", ex 1]
print '\tcode -- ', ex.code
print "\tstring -- ', ex.string

print '"\tdetail"

for din ex.detail:
print "\t\tstring -- %' %l.string
print "\t\ttrace -- %' %il.trace

except Fault, ex:
print "Unexpected SOAP Fault...", ex.__class__
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reactor.stop()

def main(**kw):
target = 10
| ocat or = CLI ENT. Mat hSer vi ceLocat or ()
port = | ocator. get Mat hPort (**kw)

nsg = port.createResource(CLI ENT. Creat el nput Message()) E‘l
print 'Created instance.'

i port =

| ocat or. get Mat hPor t (endPoi nt Ref er ence=nsg. Endpoi nt Ref erence, **kw) (3]
cl ass _NCService(hbtificatioannsunerService):{}

def wsa_Notify(self, ps, address, **kmo:{j
request, response =
Noti fi cati onConsumer Servi ce. wsa_Notify(self, ps, address)
pyobj = request. Notificati onMessage[0]. Message
val ue =
pyobj . Resour cePropertyVal ueChangeNoti fi cati on. Newal ue. Any

print "Newval ue", val ue
i f
pyobj . Resour cePr opertyVal ueChangeNoti fi cati on. Newval ue. Any I =
target:{a
nsg = i port.add(CLI ENT. Addl nput Message(1))
return request,response

print 'Destroy instance.'

nsg = i port. Destroy(CLI ENT. DestroyRequest())
reactor.call Later(0.1, failure, iport)
return request,response

consurmer = Notificati onConsumer(notificationC ass=_NCService) ii
consuner.start()
request = CLI ENT. Subscri beRequest ()
SubscribeUtility. Sinmpl eTopi cExpressi on(request, consumner, f]
"http://ww. gl obus. or g/ nanespaces/ exanpl es/ cor e/
Mat hServi ce_i nstance_rp", "Val ue")
nmsg = i port. Subscribe(request) i;
msg = i port.add(CLI ENT. Addl nput Message(1)) Ej

if namne ="' min__":

op = E%tBasicCptParser()
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(options, args) = op.parse_args()
Set Up(opti ons)

kw = Get Port KWAr gs( opt i ons)

react or. cal | WhenRunni ng(mai n, **kw)
reactor.run()

Create the service instance.

Create a port for communicating with the service instance.

Define a callback class for the notification consumer.

CreateaNot i fi cati onConsurmer, passin the callback class as a parameter.

Use the SubscribeUtility to set up a Si npl eTopi cExpr essi on. This subscription
specifies that the consumer be notified whenever the VVal ue resource property changes.
Use the port to invoke the Subscr i be operation.

Use the port to invoke the add operation. Control is passed to the reactor.
The Not i fy message arrives.

Doesthe NewVal ue of the Val ue resource property match the target value? If not invoke the add
operation again, elseinvoke Dest r oy and queue up thef ai | ur e function.
The service instance is destroyed, so when the add operation isinvoked a SOAP: Faul t iscaught.

@ QO0C QR Q®

Run the client:
Note

Make sure to start the server first...

.Inotification_client.py -u
http://127.0.0.1: 9080/ wsrf/services/ MathService -d 0
Ft Warni ng: Creation of InputSource without a URI
/ Li brary/ Framewor ks/ Pyt hon. f ramewor k/ Ver si ons/ 2. 4/ | i b/ pyt hon2. 4/ site-
packages/ ZSl -2.0_rc2-py2.4.egg/ ZSI/ __init__.py:187: SyntaxWarning: The
nul |l string should be None, not enpty.
Created instance.
Newval ue
Newval ue
Newval ue
Newval ue
Newval ue
Newval ue
Newval ue
Newval ue
Newval ue
Newval ue 10
Destroy i nstance.
Attenpt to access Destroyed Resource
"HTTP Error 500
RESOURCE DESTROYED.. Processing Failure
pyGidWare. wsrf.faults. PropertiesFaul ts: Resour ceUnknownFaul t
<pyGidwWare.wsrf.faults. PropertiesFaults. pyGidWare.wsrf.faults.PropertiesFaults.R
i nstance 178baf8

O©CoOoO~NOOOUTA, WNPE
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<ns2: Resour ceUnknownFaul t
xm ns: ns1="http://docs. oasi s- open. or g/ wsrf/ 2004/ 06/ wsr f - W&-
BaseFaul ts-1.2-draft-01. xsd"
xm ns: ns2="http://docs. oasi s- open. or g/ wsrf/ 2004/ 06/ wsr f - W5-
Resour ceProperties-1.2-draft-01. xsd"><ns1: Ti nestanp
xm ns: ns3="http://ww. w3. or g/ 2001/ XM_Schema"
xm ns: ns4="http://ww. w3. or g/ 2001/ XM_Schema- i nst ance"
ns4:type="ns3: dat eTi me" >2006- 04- 15T19: 40: 37Z</ ns1: Ti nest anp></
ns2: Resour ceUnknownFaul t >>
[trace:
bui | d/ bdi st. darwi n-8. 5. 0- Power _Maci nt osh/ egg/ ZSl / t wi st ed/
WEr esour ce. py: 341: render _POST
bui | d/ bdi st. darwi n-8. 5. 0- Power _Maci nt osh/ egg/ ZSl / t wi st ed/
WEr esour ce. py: 254: processRequest
/ Li brary/ Framewor ks/ Pyt hon. f ramewor k/ Ver si ons/ 2. 4/ | i b/ pyt hon2. 4/ site-
packages/ pyGi dWare-1. 2. 0rc3-py2. 4. eqgg/ pyGidWare/ utility/web/
resource. py: 77: processRequest
[ private/tnp/ Mat hNPSi t e/ servi ces/ Mat hServi ce. rpy: 11: wsa_add
[ private/tnp/ Mat hNPSI t e/ gener at ed/ Mat hNPSer vi ce/ servi ces/
Mat hNPSer vi ce/ Mat hSer vi ce. py: 20: Get Resour ceCont ext
[ private/tnp/ Mat hNPSI t e/ gener at ed/ Mat hNPSer vi ce/ r esour ce/
Mat hNPSer vi ce/ Mat hSer vi ce. py: 24: get Resour ceCont ext
/ Li brary/ Framewor ks/ Pyt hon. f ramewor k/ Ver si ons/ 2. 4/ | i b/ pyt hon2. 4/ site-
packages/ pyGi dWare-1. 2. Orc3- py2. 4. egg/ pyG i dWar e/ r esour ce/
Resour ceHone. py: 52: get ]

code -- (u http://schemas. xm soap. or g/ soap/ envel ope/ "',
u' Server')
string -- Processing Failure
det ai |
string --

pyGidWare. wsrf.faults. PropertiesFaul ts: Resour ceUnknownFaul t
<pyGidwWare.wsrf.faults. PropertiesFaults. pyGidWare.wsrf.faults.PropertiesFaults.R
i nstance 178baf8
<ns2: Resour ceUnknownFaul t

xm ns: ns1="http://docs. oasi s- open. or g/ wsrf/ 2004/ 06/ wsr f - W&-
BaseFaul ts-1.2-draft-01. xsd"

xm ns: ns2="http://docs. oasi s- open. or g/ wsrf/ 2004/ 06/ wsr f - W&~
ResourceProperties-1.2-draft-01. xsd"><ns1: Ti nest anp

xm ns: ns3="http://ww. w3. or g/ 2001/ XM_Schema"

xm ns: ns4="http://ww. w3. or g/ 2001/ XM_Schema- i nst ance"
ns4:type="ns3: dat eTi me" >2006- 04- 15T19: 40: 37Z</ ns1: Ti nest anp></
ns2: Resour ceUnknownFaul t >>

trace --

bui | d/ bdi st. darwi n-8. 5. 0- Power _Maci nt osh/ egg/ ZSl / t wi st ed/
WEr esour ce. py: 341: render _POST

bui | d/ bdi st. darwi n-8. 5. 0- Power _Maci nt osh/ egg/ ZSl / t wi st ed/
WEr esour ce. py: 254: processRequest
/ Li brary/ Framewor ks/ Pyt hon. f ramewor k/ Ver si ons/ 2. 4/ | i b/ pyt hon2. 4/ site-
packages/ pyGi dWare-1. 2. 0rc3-py2. 4. eqgg/ pyGidWare/ utility/ web/
resource. py: 77: processRequest
[ private/tnp/ Mat hNPSi t e/ servi ces/ Mat hServi ce. rpy: 11: wsa_add
[ private/tnp/ Mat hNPSI t e/ gener at ed/ Mat hNPSer vi ce/ servi ces/

Mat hNPSer vi ce/ Mat hSer vi ce. py: 20: Get Resour ceCont ext
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[ private/tnp/ Mat hNPSI t e/ gener at ed/ Mat hNPSer vi ce/ r esour ce/

Mat hNPSer vi ce/ Mat hSer vi ce. py: 24: get Resour ceCont ext

/ Li brary/ Framewor ks/ Pyt hon. f ramewor k/ Ver si ons/ 2. 4/ | i b/ pyt hon2. 4/ site-
packages/ pyGi dWare-1. 2. Orc3- py2. 4. egg/ pyG i dWar e/ r esour ce/

Resour ceHome. py: 52: get

What has just happened?

After subscribing the notification consumer is ready to receive notifications about changes to the Val ue
resource property. After theinitial add, control isreleased to the reactor. Each add will causeaNot i fy
message to be sent to the notification consumer. In this example | keep adding one to the service instance
until I'm notified that the Val ue resource property matches my target value (10). Once this target has
been reached, the service instance is destroyed and the function f ai | ur e is queued to test if the service
instanceis still available.

MathService WSDL NotificationProducer

<?xm version="1.0" encodi ng="UTF-8"?>
<definitions name="Mat hServi ceRP"

t ar get Namespace="ht t p: / / ww. gl obus. or g/ namespaces/ exanpl es/ cor e/
Mat hSer vi ce_i nstance_r p"
xm ns="http://schemas. xm soap. or g/ wsdl /"

xm ns:tns="http://ww. gl obus. or g/ nanespaces/ exanpl es/ cor e/
Mat hSer vi ce_i nstance_r p"
xm ns:wsdl ="http://schemas. xm soap. org/ wsdl /"

xm ns: wsrp="http://docs. oasi s-open. or g/ wsrf/ 2004/ 06/ wsr f - W5-
Resour ceProperties-1.2-draft-01. xsd"

xm ns: wsrpw="http://docs. oasi s-open. or g/ wsrf/ 2004/ 06/ wsr f - \5-
ResourceProperties-1.2-draft-01. wsdl"

xm ns:wsrlw="http://docs. oasi s-open. org/ wsrf/ 2004/ 06/ wsrf - \5-
ResourceLifetinme-1.2-draft-01. wsdl"

xm ns: wsbnw="htt p://docs. oasi s- open. or g/ wsn/ 2004/ 06/ wsn- W5~
BaseNotification-1.2-draft-01. wsdl"
xm ns: soap="http://schemas. xm soap. or g/ wsdl / soap/"
xm ns: wsa="http://schemas. xm soap. or g/ ws/ 2004/ 03/ addr essi ng"
xm ns: xsd="http://ww. w3. or g/ 2001/ XM_Schema" >

<wsdl : i nport
namespace=

"http://docs. oasi s-open. or g/ wsrf/ 2004/ 06/ wsr f - W5- Resour ceProperti es-
1.2-draft-01.wsdl"

| ocation="http://docs. oasi s- open. or g/ wsr f/ 2004/ 06/ wsr f - W5-
ResourceProperties-1.2-draft-01.wsdl" />
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<wsdl : i nport

namespace=

"http://docs. oasi s-open. or g/ wsrf/ 2004/ 06/ wsr f - Ws- Resour ceLi f et i me-
1.2-draft-01.wsdl"

| ocation="http://docs. oasi s- open. or g/ wsr f/ 2004/ 06/ wsr f - W5-
ResourceLifetinme-1.2-draft-01.wsdl" />

<wsdl : i nport
namespace=

"http://docs. oasi s- open. or g/ wsn/ 2004/ 06/ wsn- W5- BaseNot i fi cati on-1. 2-
draft-01. wsdl"

| ocation="http://docs. oasi s- open. or g/ wsn/ 2004/ 06/ wsn- W5-
BaseNotification-1.2-draft-01.wsdl" />

<types>

<xsd: schema

t ar get Namespace="ht t p: / / ww. gl obus. or g/ namespaces/ exanpl es/ cor e/
Mat hSer vi ce_i nstance_r p"

xm ns:tns="http://ww. gl obus. or g/ nanespaces/ exanpl es/ cor e/
Mat hSer vi ce_i nstance_r p"
xm ns: wsa="http://schemas. xm soap. or g/ ws/ 2004/ 03/ addr essi ng"

xm ns:wsrl ="http://docs. oasi s-open. or g/ wsrf/ 2004/ 06/ wsr f - W5-
ResourceLifetinme-1.2-draft-01. xsd"

xm ns: wsbn="htt p://docs. oasi s- open. or g/ wsn/ 2004/ 06/ wsn- \5-
BaseNoti fication-1.2-draft-01. xsd"
xm ns: xsd="htt p://ww. w3. or g/ 2001/ XM_Schema" >

<l-- | MPORT WS- ADDRESSI NG - - >
<xsd: i nport
nanespace="htt p://schemas. xm soap. or g/ ws/ 2004/ 03/ addr essi ng"

schemaLocati on="http://schemas. xm soap. or g/ ws/ 2004/ 03/ addr essi ng"/ >

<l-- I MPORT W5- ResourcelLifetinme schemas -->
<xsd: i nport
nanespace="htt p://docs. oasi s-open. or g/ wsrf/ 2004/ 06/ wsr f - W5-
ResourceLifetinme-1.2-draft-01. xsd"

97



Notifications

schenmalLocat

ion="http://docs. oasi s-open. or g/ wsrf/ 2004/ 06/ wsr f - W5-

ResourceLifetine-1.2-draft-01. xsd"/>

<l--

| MPORT WB- BaseNotification schemas -->

<xsd:inmport namespace="http://docs. oasi s-open. or g/ wsn/ 2004/ 06/
wsn- W5- BaseNot i fication-1.2-draft-01. xsd"

schenmalLocat

i on="http://docs. oasi s- open. or g/ wsn/ 2004/ 06/ wsn- W5-

BaseNotification-1.2-draft-01. xsd"/>

<l--

REQUESTS AND RESPONSES - - >

<xsd: el ement nane="add" type="xsd:int"/>
<xsd: el ement nane="addResponse" >

<xsd: conpl exType/ >

</ xsd: el enment >
<xsd: el ement nane="subtract" type="xsd:int"/>
<xsd: el ement nanme="subtract Response" >

<xsd: conpl exType/ >

</ xsd: el enent >

<xsd: el ement nane="create">

<xsd: conpl exType/ >

</ xsd: el enent >
<xsd: el ement name="cr eat eResponse" >

<xsd: conpl exType>
<xsd: sequence>
<xsd: el ement ref="wsa: Endpoi nt Ref erence"/ >
</ xsd: sequence>
</ xsd: conpl exType>

</ xsd: el enent >

<l--

Mat hServi ce Resource Properties -->

<xsd: el ement nanme="Val ue" type="xsd:int"/>
<xsd: el ement nane="Last Op" type="xsd:string"/>
<xsd: el ement nanme="Mat hResour ceProperties">

<xsd: conpl exType>

<xsd: sequence>
<xsd: el ement ref="tns: Val ue"/>
<xsd: el ement ref="tns:Lastp"/>

<xsd: el ement maxCccurs="1" m nCccurs="1"

ref="wsrl:CurrentTine"/>

<xsd: el ement maxCccurs="1" m nCccurs="1"

ref="wsrl: Term nati onTi ne"/>

<!-- NotificationProducerRP -->
<xsd: el ement maxQCccur s="unbounded" m nCccurs="1"

ref ="wsbn: Topi c"/ >

<xsd: el ement maxCccurs="1" m nCccurs="1"

ref ="wsbn: Fi xedTopi cSet "/ >
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<xsd: el ement maxQCccur s="unbounded" m nCccurs="1"

ref ="wsbn: Topi cExpr essi onDi al ects"/ >
</ xsd: sequence>
</ xsd: conpl exType>
</ xsd: el ement >

</ xsd: schenma>
</types>

<nmessage nanme="Addl nput Message" >
<part name="paraneters" el enent="tns:add"/>
</ message>
<nmessage nanme="AddQut put Message" >
<part name="paraneters"” el enment="tns: addResponse"/ >
</ message>

<nmessage name="Subtract| nput Message" >
<part name="paraneters" el ement="tns:subtract"/>
</ message>
<nmessage name="Subt ract Qut put Message" >
<part name="paraneters" el enent="tns:subtract Response"/>
</ message>

<nmessage name="Creat el nput Message" >
<part name="paraneters" el enment="tns:create"/>
</ message>
<nmessage name="Creat eCut put Message" >
<part name="paraneters" el ement="tns:creat eResponse"/>
</ message>

<port Type nane="MNMat hPort Type"
wsr p: Resour ceProperti es="tns: Mat hResour ceProperti es">

<oper ation name="add" >

<i nput nessage="tns: Addl nput Message"/ >
<out put message="tns: AddCut put Message"/ >
</ oper ati on>

<operation name="subtract">

<i nput nessage="tns: Subtract | nput Message"/ >
<out put message="tns: Subtract Cut put Message"/ >
</ operati on>

99



Notifications

<oper ati on name="cr eat eResource" >
<i nput nessage="tns: Creat el nput Message”/ >
<out put message="tns: Cr eat eQut put Message”/ >
</ oper ati on>

<l-- WS- ResourceProperties operations -->
<oper ati on name="Cet Resour ceProperty">
<i nput nane="Get Resour cePropertyRequest™
message="wsr pw. Get Resour cePr opert yRequest"

wsa: Action="http://docs. oasi s-open. org/ wsrf/ 2004/ 06/ wsrf - W\5-
Resour ceProperti es/ Get Resour ceProperty”/ >
<out put name=" CGet Resour cePr opertyResponse"
message="wsr pw. Get Resour cePr opert yResponse"

wsa: Action="http://docs. oasi s-open. org/ wsrf/ 2004/ 06/ wsrf - W\5-
Resour ceProperti es/ Get Resour cePropert yResponse"/ >
<fault nane="Inval i dResour cePropertyQanmeFaul t"
message="wsr pw. | nval i dResour cePr opert yQNaneFaul t "/

<faul t name="Resour ceUnknownFaul t"
message="wsr pw. Resour ceUnknownFaul t "/ >
</ oper ati on>

<oper ation name="Cet Mul ti pl eResour ceProperties”">
<i nput nane="Get Mul ti pl eResour ceProperti esRequest™
message="wsr pw. Get Mul ti pl eResour ceProperti esRequest”
wsa: Action="http://docs. oasi s-open. org/ wsrf/ 2004/ 06/ wsrf - W\5-
Resour ceProperties/ Get Mul ti pl eResourceProperties"/>
<out put name="Cet Mul ti pl eResour ceProperti esResponse”
message="wsr pw. Get Mul ti pl eResour ceProperti esResponse”
wsa: Action="http://docs. oasi s-open. org/ wsrf/ 2004/ 06/ wsrf - W5-
Resour ceProperties/ Get Mul ti pl eResour ceProperti esResponse”/ >
<fault nane="Inval i dResour cePropertyQanmeFaul t"
message="wsr pw. | nval i dResour cePr opertyQNaneFaul t "/ >
<faul t name="Resour ceUnknownFaul t"
message="wsr pw. Resour ceUnknownFaul t "/ >
</ oper ati on>

<oper ati on name="Set Resour ceProperties">
<i nput nane="Set Resour ceProperti esRequest™
message="wsr pw. Set Resour ceProperti esRequest” wsa: Action="http://
docs. oasi s- open. or g/ wsr f/ 2004/ 06/ wsr f - W5- Resour cePr operti es/
Set Resour ceProperties"/>
<out put name="Set Resour ceProperti esResponse”
message="wsr pw. Set Resour ceProperti esResponse” wsa: Action="http://
docs. oasi s- open. or g/ wsr f/ 2004/ 06/ wsr f - W5- Resour cePr operti es/
Set Resour ceProperti esResponse"/ >
<fault nane="Inval i dResour cePropertyQanmeFaul t"
message="wsr pw. | nval i dResour cePr opertyQNaneFaul t "/ >
<fault nane="Unabl eToModi f yResour cePropertyFaul t"
nmessage="wsr pw. Unabl eToMbdi f yResour cePropertyFaul t"/>
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<fault nane="Set Resour cePropertyRequest Fai | edFaul t"
message="wsr pw. Set Resour cePr opert yRequest Fai | edFaul t "/ >
<faul t name="Resour ceUnknownFaul t"
message="wsr pw. Resour ceUnknownFaul t "/ >
<fault nane="Inval i dSet Resour ceProperti esRequest Cont ent Faul t"
message="wsr pw. | nval i dSet Resour cePr operti esRequest Cont ent Faul t "/ >
</ oper ati on>

<oper ati on name="Quer yResourceProperties">
<i nput nane="Quer yResour cePropertiesRequest”
message="wsr pw. Quer yResour ceProperti esRequest” wsa: Action="http://
docs. oasi s- open. or g/ wsr f/ 2004/ 06/ wsr f - W5- Resour cePr operti es/
Quer yResour ceProperties"/>
<out put name="Quer yResour ceProperti esResponse”
message="wsr pw. Quer yResour cePr operti esResponse” wsa: Action="http://
docs. oasi s- open. or g/ wsr f/ 2004/ 06/ wsr f - W5- Resour cePr operti es/
Quer yResour ceProperti esResponse"/ >
<fault nane="UnknownQuer yExpressi onDi al ect Faul t"
message="wsr pw. UnknownQuer yExpr essi onDi al ect Faul t"/ >
<fault nane="Inval i dResour cePropertyQanmeFaul t"
message="wsr pw. | nval i dResour cePr opertyQNaneFaul t "/ >
<fault nanme="QueryEval uati onErrorFault”
message="wsr pw. Quer yEval uati onErrorFaul t"/>
<fault nane="Inval i dQueryExpressi onFault"
message="wsr pw. | nval i dQuer yExpr essi onFaul t"/ >
<faul t name="Resour ceUnknownFaul t"
message="wsr pw. Resour ceUnknownFaul t "/ >
</ oper ati on>

<I-- W5-Resourcelifetine operations -->
<I-- Schedul edResour ceTerm nation -->
<wsdl : operati on name="Set Term nati onTi ne" >

<wsdl : i nput nessage="wsr| w Set Term nati onTi neRequest "

wsa: Action="http://docs. oasi s-open. org/ wsrf/ 2004/ 06/ wsrf - W\5-
Resour ceLi fetime/ Set Ter mi nati onTi me"/>
<wsdl : out put message="wsr| w. Set Ter m nati onTi mreResponse"

wsa: Action="http://docs. oasi s-open. org/ wsrf/ 2004/ 06/ wsrf - W\5-
Resour ceLi feti me/ Set Term nati onTi mreResponse”/ >
<wsdl : faul t
message="wsr | w. Unabl eToSet Ter m nati onTi neFaul t"
name="Unabl eToSet Ter m nati onTi meFaul t"/>
<wsdl : fault nessage="wsr| w Resour ceUnknownFaul t"
name="Resour ceUnknownFaul t "/ >
<wsdl : faul t
message="wsr| w. Ter mi nati onTi nreChangeRej ect edFaul t"
nane="Ter m nat i onTi meChangeRej ect edFaul t "/ >
</ wsdl : oper ati on>

<l-- | nmedi at eResourceTerm nation -->
<wsdl| : operati on name="Destroy">
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<wsdl : i nput nessage="wsr| w DestroyRequest™

wsa: Action="http://docs. oasi s-open. org/ wsrf/ 2004/ 06/ wsrf - W\5-

Resour celLi feti me/ Destroy"/>
<wsdl : out put message="wsr | w. DestroyResponse”

wsa: Action="http://docs. oasi s-open. org/ wsrf/ 2004/ 06/ wsrf - W\5-

Resour celLi f eti me/ Destr oyResponse"/ >

<wsdl : faul t
message="wsr | w. Resour ceNot Dest r oyedFaul t "

nane=" Resour ceNot Destr oyedFaul t"/ >
<wsdl : fault nessage="wsr| w Resour ceUnknownFaul t"
name="Resour ceUnknownFaul t "/ >
</ wsdl : oper ati on>

<l-- NotificationProducerPort -->
<wsdl : operati on name="Subscri be">
<wsdl : i nput nessage="wsbnw Subscri beRequest"”
wsa: Action="http://docs. oasi s-open. or g/ wsn/ 2004/ 06/ wsn- W5~
BaseNoti fi cati on/ Subscri be"/>
<wsdl : out put message="wsbnw Subscri beResponse"
wsa: Action="http://docs. oasi s-open. or g/ wsn/ 2004/ 06/ wsn- W5~
BaseNoti fi cati on/ Subscri beResponse"/ >
<wsdl : fault name="Topi cPat hDi al ect UnknownFaul t "
nmessage="wsbnw: Topi cPat hDi al ect UnknownFaul t "/ >
<wsdl : faul t nane="Subscri beCreati onFai | edFaul t"
message="wsbnw: Subscri beCreati onFail edFaul t"/>
<wsdl : faul t nane="Resour ceUnknownFaul t"
message="wsbnw. Resour ceUnknownFaul t "/ >
</ wsdl : oper ati on>

</ port Type>

<bi ndi ng nanme="Mat hBi ndi ng" type="Mat hPort Type" >
<soap: bi ndi ng styl e="docunent"
transport="http://schemas. xnl soap. org/ soap/ http"/>

<wsdl : operati on name="add" >
<soap: operation soapAction=""/>
<wsdl : i nput >
<soap: body use="literal"/>
</ wsdl : i nput >
<wsdl : out put >
<soap: body use="literal"/>
</ wsdl : out put >
</ wsdl : oper ati on>

<wsdl : operati on name="subtract">
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<soap: operation soapAction=""/>
<wsdl : i nput >
<soap: body use="literal"/>
</ wsdl : i nput >
<wsdl : out put >
<soap: body use="literal"/>
</ wsdl : out put >
</ wsdl : oper ati on>

<wsdl : operati on name="cr eat eResource" >
<soap: operation soapAction=""/>
<wsdl : i nput >
<soap: body use="literal"/>
</ wsdl : i nput >
<wsdl : out put >
<soap: body use="literal"/>
</ wsdl : out put >
</ wsdl : oper ati on>

<wsdl : operati on name="Cet Resour ceProperty">
<soap: operati on soapAction=""/>
<wsdl : i nput >
<soap: body use="literal"/>
</ wsdl : i nput >
<wsdl : out put >
<soap: body use="literal"/>
</ wsdl : out put >
</ wsdl : oper ati on>

<wsdl : operati on name="Cet Mul ti pl eResourceProperties”">
<soap: operation soapAction=""/>
<wsdl : i nput >
<soap: body use="literal"/>
</ wsdl : i nput >
<wsdl : out put >
<soap: body use="literal"/>
</ wsdl : out put >
</ wsdl : oper ati on>

<wsdl : operati on name="Set Resour ceProperties">
<soap: operation soapAction=""/>
<wsdl : i nput >
<soap: body use="literal"/>
</ wsdl : i nput >
<wsdl : out put >
<soap: body use="literal"/>
</ wsdl : out put >
</ wsdl : oper ati on>

<wsdl : operati on name="Quer yResourceProperties">
<soap: operation soapAction=""/>
<wsdl : i nput >
<soap: body use="literal"/>
</ wsdl : i nput >
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<wsdl : out put >
<soap: body use="literal"/>
</ wsdl : out put >
</ wsdl : oper ati on>

<wsdl : operati on name="Set Term nati onTi ne" >

<soap: operation soapAction=""/>
<wsdl : i nput >
<soap: body use="literal"/>
</ wsdl : i nput >
<wsdl : out put >
<soap: body use="literal"/>
</ wsdl : out put >
</ wsdl : oper ati on>

<wsdl| : operati on name="Destroy">
<soap: operati on soapAction=""/>
<wsdl : i nput >
<soap: body use="literal"/>
</ wsdl : i nput >
<wsdl : out put >
<soap: body use="literal"/>
</ wsdl : out put >
</ wsdl : oper ati on>

<wsdl : operati on name="Subscri be">
<soap: operation soapAction=""/>
<wsdl : i nput >
<soap: body use="literal"/>
</ wsdl : i nput >
<wsdl : out put >
<soap: body use="literal"/>
</ wsdl : out put >
</ wsdl : oper ati on>

</ bi ndi ng>

<servi ce nane="Mat hService">
<port name="Mat hPort" bi ndi ng="Mat hBi ndi ng" >
<soap: address | ocation="http://| ocal host: 8080/ wsrf/services/"/>
</ port >
</ service>

</definitions>
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